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SECTiON I INTRODUCTION

This report provides an overview of electro-optical, aircraft crew displays
which have been previously proposed or implemented. Many of the ideas incorporated
in these displays are becoming increasingly relevant to current and advanced crew
stations. The technology necessary to implement many of the displays included here
has only become available in recent times - multipurpose CRTs, color CRTs, program-
mable signal processors, computer control, raster/stroke CRTs, computer generated
imagery, and so on. It is worthwhile now to compile previous display concepts so
that they are available to display format designers working with the new display
technology. Pictorial representation of information, the next step beyond symbolic
representation, is within our grasp and we should take advantage of past display
ideas wherever possible to make the best use we can of pictorials.

The objectives of this report are to:

o Identify available publications covering display formats, particularly
pictorial formats.

o Compile a group of representative display formats that have previously been
investigated.

o Provide a basis for future pictorial format work.

Available display format literature reviewed is detailed in Section 6, Biblio-
graphy. We surveyed several large data bases and display programs for relevant
literature. These included NASA STAR (Scientific, Technological and Research),
NTIS (National Technical Information Service), CDIC (Wright-Patterson Air Force
Base Control Display Information Center), Dialog, McDonnell Douglas Engineering
Library, DDC (Defense Documentation Center), ANIP (Army-Navy Instrumentation Pro-
gram), and JANAIR (Joint Army-Navy Instrumentation Research). Descriptions and
illustrations of representative pictorial and symbolic display formats are given in
Sections 2, 3 and 4.

The display formats compiled in this report contain representative formats
developed for military fighters and transports, commercial aircraft, and vertical
takeoff and landing (V/STOL) aircraft. This is by no means an exhaustive compila-
tion. We did not attempt to identify every display ever conceived or investigated,
yet we feel that the available literature on this subject has been sufficiently
reviewed. Often our attempts were thwarted by refereaced but missing docu~nents; or
by poor available copies of documents and artwork. The difplay fo-mats compiled
in Sections 2, 3 and 4 represent only a subset of all the displays reviewed, but a
subset we consider very representative of the overall set of past pictorial and
symbolic displays. The display formats in this report were selected because they
were the most interesting and informative. Many also possessed symbology common to
many otherwise different display formats, and as such represent many formats.
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The display formats in this report are categorized into three broad cate-
gories:

Lo Vertical situation displays

o Horizontal situation displays
o Miscellaneous displays.

Vertical situation displays are further subdivided into: skeletal analog, contact
analog, and literal formats.

These categories will assist the designer by allowing him to quickly open to
the section that describes the general type of display he is interested in, e.g. a
designer working on a new vettical display format and interested in the various
ways altitude information has been portrayed would turn to the Vertical Situation
Display section and then page through it viewing the different altitude representa-
tions. Other classification schemes were tried but the one used seemed to be most
efficient.

The format for the display section is: category, title, figure, description,
and reference. Titles, figures, and descriptions are taken from the referenced
documents wherever possible. Multiple examples of a display format are often
provided to highlight different situations, modes or symbology,

2
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2. VERTICAL SITUATION DISPLAYS

The Vertical Situation Display (VSD) presents command and situation informa-
tion superimposed on a synthetic or sensor-generated representation of the forward
view of the real world. The basic dimensions of this type of display are azimuth

and elevation. A change in aircraft heading or horizontal flight path is shown on
such a display as lateral displacement or translation of the symbology. A change
"in aircraft pitch or vertical flight path is shown as vertical displacement of the
symbology. Aircraft roll is shown as a rotation of the symbology.

The VSD presentation of the real world permits the pilot to fly at night and
under instrument flight rules (IFR) almost as instinctively as he does in visual
contact flight. He is presented with familiar references which undergo realistic
and expected changes when the aircraft's attitude is changed.

Basic parameters suited to display on a VSD include:

o Pitch Attitude o Velocity Vector
o Roll Attitude o Flight Path
o Heading o Ground and Sky Planes
o Mach/Airspeed o Low Light Level Television
o Altitude o Forward Looking Infra-red
o Command Information o Terrain.

In addition to presenting the pilot with a rapid, qualitative indication of
present attitude, the VSD also presents quantitative information such as pitch,
roll, heading, altitude, airspeed and vertical velocity. The vertical display can
have specialized modes for takeoff, terrain-following/avoidance, enroute, weapon
delivery and landing.

VSDs can be presented either head-down or head-up. Head-down VSDs have been
the most common since all aircraft information has historically been presented on
the main instrument panel. Thus, we have seen the attitude director indicator
(ADI) as the most common VSD. This electro-mechanical instrument, typically
mounted centrally on the main instrument panel, portrays aircraft attitude in
relation to the horizon. It's importance to the pilot is shown by the fact that a
smaller backup ADI is located not far from the prime central area of the main
instrument panel, just in case the primary ADI fails. The information provided by

this instrument is essential for the pilot to fly.

In recent years technology has allowed the head-up position to be utilized for
vertical situation information. The head-up display (HUD), from the use of an
iron gunsight to the present day wide field-of-view holographic HUD, has given the
pilot the flexibility of flying the aircraft while looking forward out of the crew
station.

The HUD display superimposes pertinent flight and mission information on the
pilot's forward field-of-view of the outside world by means of a combiner. The HUD

- permits the pilot to maintain visual contact and geographic orientation with the
real world and simultaneously assimilate displayed information. Information is
more rapidly and easily evaluated when graphically superimposed upon the real world
background with which its meaning can be correlated.

3



The following review of vertical situation displays is subdivided into three

categories: 1) skeletal analog, 2) contact analog, and 3) literal.

2.1 SKELETAL ANALOG VSDs

The skeletal VSD portrays the real world with only the barest essentials.
Carel (Reference 1) characterized the skeletal display as one which shows "the
relationships between a set of inherently related variables by use of a pictorial
code." He felt that because flight was dynamic the kinematics of a display had to
emulate those of the external visual environment. The way each symbol moved in
relation to other symbols was just as important as what form the symbol took.

Skeletal VSDs trade pictorial realism for a more highly stylized and abstract
form which uses symbology to convey the real world situation in qualitative and
quantitative terms. Often real world cues are simplified to provide more distinct
pilot cueing. Exaggeration or distortion of symbology and even using symbols with
no real world counterparts can clarify situations and increase precision.

The criteria for choosing symbology for skeletal VSD formats are simply that
symbols must be clearly discernible and discriminable from each other and can be
readily identified with their real world referents (Reference 2). The information
generally displayed on these formats includes attitude reference (e.g., pitch
ladder), horizon, aircraft symbol, rotation reference (e.g., roll index), airspeed,
altitude and vertical speed indicators as well as other information pertinent to
various phases of flight.

Head-up displays represent an extreme in skeletal abstraction. Because HUD
symbology is superimposed over the real world counterparts, the problem of pizper
registration has been a critical one. Therefore HUD formats up to the present have
been directed toward less pictorial realism and more skeletal symbology. A typical
HUD will display any combination of the following basic information plus special-
ized information that is required for flight performance:

o Height
o Vertical velocity
o Speed, as Indicated Airspeed (IAS), True Airspeed (TAS) or Mach No.
o Angle cf attack
o Pitch Attitude
o Roll Attitude
o Heading
o Flight Director and velocity vector in navigation mode
o Flight Director coupled to ILS in landing mode
o Weapon delivery symbology
o Warving symbols

4



Reviews by Orick (Reference 3) and Green (Reference 4) both give extensive compari-
sons of HUD symbology on several aircraft.

Head-down displays have also utilized skeletal symbology. The questions of
how much information on a display is enough (or too much) and how to generate real
world pictorial information have forced many format concepts to the Fkeletal
symbology.

DESCRIPTION:

Following are some brief descriptions of various symbology. These are common
symbols used on vertical and horizontal displays.

Horizon - The basic reference 'or attitude in the real world is the horizon.
Obviously, a line is the appropriate symbol for this purpose. It may be solid or
gapped and may or may not extend all the way across the display. It should be
longer than minor pitch lines, and distinct in some way from major pitch lines.

Aircraft Symbol - A number of symbol shapes are considered appropriate for dis-
playing one's own aircraft reference. The desired elements of this symbol are: 1)
its pointer function which prgvides a reference for attitude and perhaps other
items such as angle of attack; 2) its gapped center which provides a clutter-free
zone to minimize obscuration of other symbols moving in this area; 3) its center

S- dot which establishes a fixed display center reference point, null reference point,
and index mark.

The preferred shape is considered superior to alternates because it is
especially good for use with the recommended, steering symbol shape, it provides
the least obscuration, and it has pictorial qualities. In regard to the latter the
"wings" and "wheels" also afford meaningful vertical orientation cues against a

dynamic background.

For HSDs a small pictorial aircraft symbol has the virtues of common usage and
V universal meaning. It serves as a pointer but does not seriously obscure carto-

graphic or other symbols in the same area.
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Pitch Lines - Although the horizon is considered to be the basic pitch reference,
incremental marks are needed for more accurate reading. Scale type symbols are
appropriate for such use. The selected configuration should be readily distin-
guished from the horizon. Positive and negative values should be clearly indi-
cated. The lines should not be so pronounced in luminance, size, cr rendition as
to obscure other symbols or to distract from overall display interpretation. When
the horizon is outside the field of view major pitch lines should be readily identi-
fied as to value and direction.

VAIMING POINT

Roll Scale- The use of a scale to depict roll is generally accepted. A center
reference mark with 100 increments to 300 is ordinarily used. Additional marks at
600 and 900 points may or may not be required.

Steering - The recommended symbol for steering is both -pictorial and compatible
with preferred aircraft reference symbol designs. At the null position a complete
aircraft symbol results from the combination of respective symbol shapes, i..e.,
wings, tail, and wheels (or fuselage) are represented when the steering and air-
craft symbols are joined.

4:
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The preferred steering symbol is a variation of the cross, which is one of the
most easily descriminable symbol shapes. Yet, unlike the cross, it is niot readily
confused with the common stereotype of location or target so often associated with
cross symbols.

Pathway - The pathway symbol is an index of desired performance and encompa~s~sl
steering, course/track, and isometimes altitude information. it providis an
alternative to the steering symbol shown above. As a shape it is more closely
allied with the contact analog concept.

The advantages of the recommended shapes are fthat they afford an easily,
discriminable pointer in pictorial form. Deformations can be used to indicate
parameters such as altitude and course. Obscuration is minimal at symbol apex.

This symbol should be used exclusively as a comumand aymbol, and not ab a
velocity vector.

Runway/Landing Site - A trapezoidal shape -is recommer~ded' for representing the
runway and landing site, particularly for fixed wing aircraft. Clommon usage and
pictorial qualities are the primary reasons for this selection. The centerline is
optional.

SOURCE: Ref 5
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(a) Landing Symbology

Rgu'e 1. VSD Formas

DESCRIPTION:

Figure 1 depicts vertical situation display formats developed by Sperry Flight

Systems Division. In (a) the format is for landing symbology on an electronic

attitdde director indicator (EADI) for a short take off and landing aircraft.

Symbology is provided for airspeed, altitude, pitch, shy/ground shading, flight

director, roll indices and marker, aircraft reference and runway image.
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(b) Flight Display Symbology

Figure 1 (Continued). VSD Formats

In (b) symbology is shown for a' EAIFA for the C-141 aircraft. Altitude is
shoun numerically In the upper right corner but airspeed is shown graphically by
the box on the left member of the aircraft reference. The position of this box
relative to the aircraft reference indicated if the aircraft was on, over or below
the commanded airspeed. Symbology is a combination of stroke and raster.

These displays, configured in the early 70's, portray the state-of-the-art in
electronic attitude indicator formats. They were able to adapt the display format
for a specific situation or mission segmtent (e~g., approach and landing, cruise).

SOURCE: Ref 6

Figures reproduced courtesy of Sperry Flight Support Division.
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Figure 2. MFD Search (Track While Scan) Display

DESCRIPTION:

Figure 2 shows a vertical situation and radar format for a fighter aircraft.
Symbology shown is for an air-to-air radar track-while-scan mode display. The top
of the display brings together in one centrally located area, the Communication,
Navigation, and Identification data associated with the Up-Front Control located
immediately above the MFD. As shown in the figure, radar targets are coded accord-
ing to priority, with closing velocity, altitude, and Mach number read outs avail-
able for any target by designating it with the acquisition symbol. Scan-to-scan
correlation for up to eight targets may be displayed.

SOURCE: Ref. 7
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Figure 3. VSD Display Format

DESCRIPTION:

Figure 3 presents a conceptual vertical situation attack format for a fighter
aircraft. The aircraft symbol indicates that the aircraft is in a dive as may be
seen from its relationship to the horizon bar. Yaw is indicated by the double
vertical bars near the center of the aircraft symbol. The energy control director
(ECD) may be seen to the right.

The rate of elongation to the desired pitch angle is mechanized to conserve
energy by programming the ideal g schedule to the optimum angle of attack under the
given conditions. Simultaneously, the rectangle on the right, similarly through
the rate of elongation indicates ideal roll rate to the desired bank angle to
minimize energy loss due to adverse yaw at that specific angle of attack and drag
due to control deflection. It programs the bank angle, again in deference to
normal acceleration. The box directs energy requirements along the longitudinal
axis. Since altitude represents a form of energy and the mass and drag of the
aircraft is known, it may be exchanged for thrust independently or with the
throttle directly affecting the box behavior. When longitudinal energy require-
ments are met, the box is contiguous to the outer tips of the squares. Since a
command pitch up and pitch down or turn left and turn r ight will not occur simultan-
eously, two of the command indicators will always be squares. A larger than "on
energy level" box commanas an increase; conversely, a smaller box commands a
decrease in longitudinal energy.
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r A target designation cursor is placed on the target manually, the designation
button is used, and the computer uses the selected sensors to track the target.

After target design-.tion, the fiLal attack sequence begins. When the target
nears the outer release envelooe of the selected weapon, a fire control symbol
appears. The energy management symibol is retained. The dot on the fire control
symbol represents relative range rate. It appears at the 11 o'clock position and
moves counterclockwise. The 6 o'clock position represents the maximum effective
range for the selected weapon, and the 12 o'clock position is the minimum effective
or safe firing range. The compuIter continually updates weapon release parameters;
therefore, weapons may be dispensvzd at any time the dot is between the 6 and 12
o'clock positions. The fire control symbol is also used as an aiming window or
reticle. For steerable weapons (Walleye, Bullpup) the size decreases with
decreasing range, compensating for the weapon maneuver reduction as the target is
approached. Nonsteerable weapons require the same aiming accuracy throughout their
release envelope; therefore, the fire control symbol is fixed in size for these
weapons. Breakaway is represented by a large X 'a. Lbe display.

The weapons on board may be programmed sequeurial~y for use on a single target
in a descendin3 order of the weapon's maximtim release or firing envelope. In the
case of overlapping envelopes, fire control information is dedicated to the maximum
range weapon unless the pilot overrides it. Upon reachiig minimum range of the
weapon, the fire control information for the next weapon in succession is
displayed.

SOURCE: Ref. 8
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'• Figure 4. VSD Symbology

;• * DESCRIPTION:

Figure 4 shows a sample vertical situation format:. This display incorporates
rmoving vertical scales for airspeed, altitude, and vertical speed. This format was
proposed to meet previous pilot complaints about overall clutter, lack of trend
information on air data and heading presentations, and lack of flight path or

• ~velocity vector informati.on.

SOURCE: Ref. 8
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Figure 5. Coordinated Cockpit Display

I DESCRIPTION:

The Coordinated Cockpit Display (CCD) concept was designed to provide unambigu-
us tota%. flight situation information. The new displays were structured such that

hepilot could easily interpret all data relevant to a safe and efficient comnple-

shares one of those two dimensions with each of the other two displays.
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The Coordinated Cockpit Display (CCD) concept of a three displdy desiý, is
quite simple (Figure 5 (a) and (b)). However, when the amount of specific informa-
tion that could go on each display is considered, along with the different possible
forms that could be given to each piece of information, it is clear that the imple-
mentation of CCD could become quite complex.

SIV1 OBSTRAUCTION RUNWAY NAV-AIO

0390,v -

ir DESIRED

ED HORIZONTALDESIRED 420- *WP VERTICAL TRACK

51 17 TRACK OBSTRUCTION

.TRAE I
IV FALTITUDE

-- < ItTO PAIITH." EXPAtdOE

FOTENTlAL 4" (3AR•O• .
FLIGHT r AM 4

•_'PATh 440, 120 NOo
430 0 VCTOR

C 4 w EXPANDED

SD. Side Vertical Situation Display E. Horizontal Situation Display

S~Figure 5 (Continued). Coordinated Cockpit Display

VSD - This is the primary display for aircraft attitude. Since everything is

ii referenced to the direction of flight, the center of the display can easily become

= overly cluttered with aircraft symbol, horizon line, pitch marks, runway symbol,
and other aiming points. For this reason, everything that might logically go on

j• this display cannot be accommodated at the same time. One configuration of the VSD
• is shown in Figure 5 (c).
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This method of showing the attitude situation is fairly standard, a combina-
tion of aircraft symbol (fixed), horizon line, and roll angle marker. The ground
plane is differentiated from the sky plane by a perspective dot pattern. It is
believed that the most important function of these dots is the ground-plane/sky-
plane differentiation and secondarily the general "streaming" effect of the passing
ground.

The performance information that will have to be read most precisely during
critical maneuvers surrounds the central attitude display. The altitude, airspeed,
turn rate, and instantaneous vertical speed indication (IVSI), are displayed adja-
cent to the appropriate moving tape.

Two pieces of information, flight path angle (FPA) and potential flight path
angle (PFPA), have been combined into one symbol. In Figure 5 (c), the midpoint of
an imaginary straightline joining the two tips of the FPA marker is the actual
direction of aircraft flight at a given moment. This point is also called the
aiming point and a line extending from the aircraft toward this point in the real
world is called the velocity vector. This symbol can be used to show flightpath
angle relative to the horizon or to any spatially located point such as a three-
dimensional (3-D) waypoint, runway threshold, or another aircraft.

The PFPA is referenced to the FPA. When the PFPA is level with the FPA, the
acceleration along the aircraft flight path is equal to zero; therefore, speed is
constant. If PFPA is above FPA, the acceleration is positive and speed will
increase; if PFPA is below the FPA, acceleration is negative and speed will
decrease.

SVSD - The side vertical situation display, Figure 5 (d) is intended to relate
present aircraft altitude to future altitude requirements. The aircraft symbol
remains fixed at the altitude digital readout box. Placing the aircraft symbol
near the altitude box accomplishes two purposes: (1) the aircraft altitude refer-
ence is explicitly established, and (2) a second altimeter is provided as required
for certain operations. The altitude on the VSD is from radio and the altitude on
the SVSD is barometric. To enhance terrain altitude awareness, significant terrain
features can be shown referenced to the moving altitude tape.

Flight-path angle and potential flight-path angle are accurately read against
an expanded angle scale. The aircraft symbol rotates about its midpoint to indi-
cate aircraft attitude.

An IVSI digital readout in the upper left corner supplies vertical speed infor-
mation. An arrow appearing above or below the box reinforces the sign information
regardin- up or down velocity of the aircraft.

A segmented line moving toward the aircraft symbol indicates the desired verti-
cal track. Relevant tags are shown at waypoints, marker beacons, and so forth.

16



HSD - The horizontal, situation display, Figure 5 (e), relates the aircraft to
its geographic position. This may be shown as aircraft position relative to a
desired course line, navigation aids, waypoints, runways, or prominent geographic
features, all of which would be shown. The range altitude symbol shows the point
at which the next waypoint altitude will be reached if the pre;ent vertical compon-
ent of the velocity vector is maintained.

SOURCE: Ref. 9
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Figure 6. VSD Format

DESCRIPTION:

The format shown in Figure 6 is from the F-14's visual display indicator. It
is in the takeoff mode/TACAN submode. This is one mode of the head-down vertical
situation display in the F-14. (No additional information was available.)

SOURCE: Ref. 10
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FIgure 7. VSD Format

DESCRIPTION:

The VSD format illustrated in Figure 7 shows the types of information that can
be provided by a digital flight management system. Not all the information shown
in the figure is displayed simultaneously. Some of the data shown is mode depend-
ent so that the display is not as cluttered as indicated. (No additional informa-
tion available.)

SOURCE: Ref. II
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DESCRIPTION:

Figure 8 shows an integrated electronic attitude director display EADD in the
landing mode. This figure illustrates the wealth of information that can be dis-
played to the pilot in any given mode (Here, the landing mode). Information shown
could be deselected by the pilot or complemented with additional information. This
is a key advantage of the EADD.

SOURCE: Ref. 12
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Figure 9. Integrated Situation Display Format

DESCRIPTION:

Figure 9 illustrates a VSD landing format. While this format shows mainly
vertical situation information, the localizer deviation indicator at the bottom of
the display provides a measure of horizontal flight information. (No additional
information available.)

SOURCE: Ref 13
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g!9ure 10. VSD Landing Mode

DESCRIPTION:

The VSD format in Figure 10 is for a head-up landing display. The display as
shown is stroke written. Ine display unit is a binocular device presenting a
collimated image. Transponders located along the edge of the runway are displayed
in this format. En route, terrain avoidance and weapon delivery modes are also
available. (No additional information available.)

SOURCE: REF 5
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DESCRIPTION:

The VSD must display TV-type information, as well as alphanumerics and vector-
graphics. Of all cockpit displays, the VSD is perhaps the most critical for flight
safety. It is simultaneously the display that requires the most information inte-
gration and content variability.

Representative VSD display formats are shown for air-to-ground weapon
delivery, Figure 11(a), and air-to-air attack, Figure 11(b). It must be remembered
that video information (i.e., TV) can be superimposed on this symbology at all
times. (No additional information available.)

SOURCE: Ref. 14
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Figure 12. Flight Directors

DESCRIPTION:

The flight director in Figure 12 (a) consisted of three dimensional perman-
ently fixed crossed planes. These planes were pivoted from their apex. As can be
seen, the vertical lines in the vertical directors changed angles as the director
was tilted up or down. This did not create a favorable impression with pilots.

Figure 12 (b) shows an alternate flight director configuration utilizing separ-
ate vertical and horizontal "combs". These combs moved independently of each
other, thereby maintai.ning vertical and horizontal alignment. This arrangement
gave a very realistic image of a flight path in the sky and the position of the

aircraft with relation to the desired flight path.

These displays were electromechanical in nature.

-_ SOURCE: Ref 15
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Figure 14. H UD Format
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DESCRIPTION:

The HUD format shown in Figure 14 is austere in nature, displaying only basic
flight information. The pilot is provided with the necessary information to fly
head-up. Needless clutter on the display which can block pertinent ground or
target information in the pilot's forward field of view have been kept to a
minimum. The digital readouts of airspeed, heading, and altitude along the bottom
of the display provide excellent quantitative information but at the expense of
trend data. Pitch reference is by inference of the distance between the aircraft
symbol and the horizon reference. (No additional information available.)

SOURCE: Ref 16
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The flight path marker has three modes of operation: flight path mode, devia-
tion mode, and director mode.

In g ?a*i mode it Indicates the projection of the flight path vector and,
by its relationship to the horizon line, gives an indication of roll angle. When
the flight path marker is placed on the horizon line, the aircraft is set up for
zero vertical speed. Any slight rate of climb or descent is shown by a separation
between the marker and horizon line.

In deviation mode the flight path markEr indicates the position of the air-
craft in relation to the ILS glidepath. This may be determined by defining a line
of sight from the pilot's eye parallel to che ILS glidepath and finding where its
intersection with the ground ILS in relation to the runway aiming point (or, in IFR
conditions, aiming point image). This interseztion would appear at point DV. In
this mode the flight path marker would be centered on that point. Reference to the
runway aiming point in Figure 15, indicates to the pilot that his aircraft is above
and to the left of the ILS glidepath.

In director mode a director signal is generated by placing the flight path
marker a fixed proportion of the way from the point DV to the point FP. If the
pilot maneuvers his aircraft to bring the flight path marker into coincidence with
the runway aiming point or its image, the projection of the flight path vector FP
must be on the opposite side of the runway aiming point from the instantaneous
position of the aircraft DV. The result is that the aircraft closes with the ILS
glidepath.

In Figure 15, the flight path marker is shown slightly out of coincidence with
the runway aiming point because the aircraft has not been Leaded down and to the
right at a sufficient angle to follow the desired closure path. A further correc-
tion is called for.

The airspeed error indication gives an indication of variation from a desired
airspeed set by the pilot. Movement of the left hand bar relative to the wing of
the flight path marker indicates airspeed error. When the airspeed is too high the
bar is above the wing. The two short bars above and below the wing are indices of
airspeed error and, as the flight path marker moves during aircraft maneuvers, the
airspeed display moves as a whole with it.

The runway image in the form of an inverted T, defines the runway center line
and aiming point. In IFR conditions it is used in place of the actual runway. The
size and shape of the runway image are varied with the aircraft range and displace-
ment from ILS glidepath so that the inverted T always fits the outline of the
runway as seen in perspective from the aircraft.

For landing touchdown an additional terrain clearance image is proposed which
would move up to the horizon line from below, remaining parallel with it. The
spacing between the terrain clearance image and the horizon line would represent
the absolute altitude determined from a radar altimeter or a pre-set barometric
reference.

SOURCE: Ref. 17
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Figure 16. A.R.L. Display

DESCRIPTION:

The Aeronautical Research Laboratories (Australia) display for landing
approach in IFR conditions is shown in Figure 16. It is designed to give 1:1
compatibility with the outside world and is, therefore, completely gyrostabillzed
and collimated to appear at infinity. The position of the runway is shown by
dotted lines, but it would not actually be visible until after emerging from cloud.
This display was conceived originally in 1956 based on the Sperry HUD format. The
ARL display was an alternative to ground based visual glidepath systems for VFR
approaches, with IFR capability provided by the addition of an ILS director image.

The horizon line with its attached scale of vertical angle was aligned with
the horizontal at all times. The dotted scale of vertical angle, calibrated in
degrees, was set in azimuth by the pilot for alignment with the runway heading;
gyrostabilization maintained this alignment. Thus, when the aircraft was to the
left of the runway center line, the dotted scale delineated a vertical plane paral-
lel to the runway but offset to the left. When the aircraft was lined up with the
runway the dotted scale appeared over the runway center-line and could be used to
read off the angle of declination of the aiming point, which was equal to the angle
of elevation of the aircraft from the aiming point.
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The flight path marker (FP) represented the projection of the aircraft flight:
path relative to the ground and gave an indication of roll angle.

The procedure for VFR approach was to line-up the aircraft with the vertical
angle scale over the runway and approach in level flight until the runway aiming
point was at a auitable angle of declination from the aircraft; for a 2.750
approach, it would be at point DV. The aircraft would then be nosed down, placing
"the flight path marker on the runway aiming point (AP) and holding it there.

The ILS director image was used in conjunction with the flight path image to a
flight director commands during IFR approaches. In the case illustrated in Figure
16, where the aircraft is above and to the left of the ILS glidepath, the director
image is below and to the right of the runway aiming point. When the pilot
maneuvers to bring the flight path marker into coincidence with the director image,
the aircraft closes with the ILS glidepath. During closure the director image
moves back toward the runway aiming point to produce an asymptotic flight path.

An airspeed error indication gave an indication of variation from a desired
airspeed set by the pilot. The central point on the scale represented the desired
airspeed and any increase in airspeed was shown by a movement of the pointer to the
right.

SOURCE: Ref. 17
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Figure 17. Spectocom Display

DESCRIPTION:

The Spectocom display, produced jointly by Specto, Ltd., (England), and Com-
puting Devices of Canada, Ltd., was based on a projected flight director display

developed at the Royal Aircraft Establishment, Farnborough, for low level intruder
operations below the enemy radar screen. As a consequence of this background, the

images other than the horizon line and the lines below the director are fixed
relative to the aircraft rather than being ground stabilized. The display was,
however, fully collimated to appear at infinity.

The display shown in Figure 17 is for landing approach in IFR conditions. It
does not include a runway image, but the dotted outline of the runways has been

Z • shown in the figure where it would appear on emerging from cloud.
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The horizon line is gyrostabilized to define a horizontal plane. It and the
parallel lines below the director are the only stabilized elements in the display,
and it is stabilized only in pitch and roll; its center point always remains in the
plane of symmetry of the aircraft.

The attitude image defines a convenient reference line in the aircraft and has
wings parallel to the transverse axis of the aircraft. It is fixed on the display
and its relationship to the horizon line gives an indication of angle of pitch and
roll.

The director image system consists of a pyramid of horizontal, logarithmically
spaced lines, with a dot at its apex which works in conjunction with the attitude
image as a flight director.F The base of the pyramid remains vertically below the center of the horizon
line. The pyramid extends or contacts vertically, or leans to either side, to
place the director dot where it is required to be. In the figure, the attitude
image and director dot are shown slightly out of coincidence because the aircraft
has not been headed down and t) the right at a sufficient angle to follow the
desired closure path.

A scale of airspeed is provided along the top of the display and a scale of
altitude runs vertically up the left hand side. A circular segment around the
attitude image gives an indication of range from the runway.

SOURCE: Ref 17
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DESCRIPTION:

The SAAB Pole-Track Display represents the flight situation in relation to a
desired flight path and in relation to the ground in a simple and natural way using
a perspective pcie-track. T'he easily interpreted symbol configuration provides an
immediate overall pIcture of the flight si'uation with facilities for both qualita-
tive and quantitative readings. The design emphasis here was placed on a natural
integration of height information with regard to applications of special interest
concerning low altitude flight including landing.

The vertical lines Figure 18 (a), represents vertical poles standing on the
ground with their upper ends at the desired height and on the desired flight path.
The intersections of the horizon line with the height poles, or their extensions,
represent the present altitude of the aircraft.

The six vertical poles are of constant length, subtending angles of 10, 20 and

30 at the eye, and the distance between them is constant at 10, Figure 18 (b). The

dimensions chosen for the pole-track provide angular scales in both elevation and
azimuth serve as a guide in making small, precise corrections to the direction of
flight.

A pair of reference height poles adjacent to the outermost height poles,
Figure 19 (a), can be added to supply the scale for the outermost height poles and
serve as gauge lengths for assessment of altitude in absolute terms. The reference
height poles always represent the same height, 100 m being suggested. Their length
on the indicator will then be equal to that of the outermost height poles when the
desired altitude is 100 m. Where a higher flight altitude is desired the reference
height poles will be smaller, for say, 200 m they will be half as long as the
outermost height poles. The accuracy of reading absolute altitude thus 4ncreases

with decreasing altitude. A number of different flight situations represented by a
horizontal pole-track are shown in Figures 19.

Landing is one case in which the height poles cai rest or the ground. This
makes it possible to display information about height over the ground, which is
particularly important in this case. The factor that enables this to be done is
that the desired glide path makes a small angle (about 30) with the horizontal
plane and that a certain approximation of the perspective representation is there-
fore permissible. The height poles represent height above the ground to the ideal
glide path at the appropriate distance from the point of touch-down. The intersec-
tions between the height poles and the horizontal reference line through the aiming
point represent present height above the ground. The length of the reference
height poles (100 m) on the indicator increases as the aircraft approaches the
touch-down point. The distance between the aiming point and the horizon line
should correspond to the angle between a sight line to the touch-down point and the
horizontal plane, Figure 20 (a). Owing to the finite distance to the touch-down
point this angle will not be constant.
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The complete display proposal for low-level flight, Figure 21, contains t-he
following symbolic elements:

o Velocity vector symbol (1)
o Speed error indicator (2)
o Horizon line (3)
o Pole-track with aiming dot (4)
o Reference height poles (5)
o Radar height index (6)
j Range line (7)
"o Reference index fu: range line (8)
o Range markers (9)

SOURCE: Ref 18

(Figures reprinted courtesy of SAAB-Scania AB)
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Figure 22. Pole Track Perspective Display

DESCRIPTION:

Figure 22 shows a modified pole track perspective display. Flight path angle
and course are indicated by use of a velocity vector and an aiming dot in a "fly-
from" orientation. Altitude error and bank information are presented in conven-
tional "fly-to" orientations. A reference height pole Is provided for determining
absolute altitude. Distance of ne airspeed error indicator from periphery of the
velocity vector symbol indicates airspeed error. Altitude rate is indicated
similar to a glideslope indicator. Digital readouts for altitude, airspeed, and
distance to go appear on the display. A heading tape and window indicate heading.
The pilot's task is to align the pole track and aiming dot with velocity symbol.

SOURCE: Ref 19

Figure reproduced courtesy of SAAB-Scania AB.
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Figure 23. Experimental Display Configurations

DESCRIPTION:

The display configurations in Figure 23 employed the same three symbols, the
same signals, and signal scale factors, combined in various ways, to drive the
three symbols.

In the compensatory moving horizon display, Figure 23 (a), the airplane symbol
was fixed in the center and oriented parallel to the X axis. The symbol repre-
senting the horizon rotated by an amount equal to the actual angle of bank, thereby
maintaining a parallel relation to the real horizon, and translated from the center
of the display by an amount proportional to the pitch angle of the airplane. The
command steering dot translated perpendicular to the horizon line by an amount
proportional to the desired pitch angle and parallel to the horizon line by an
amount proportional to the command heading minus the actual heading of the airplane
combined with the sine of the bank angle appropriately scaled. Therefore, after
the command dot was displaced in the horizontal dimension and the pilot initiated a

change in bank angle, the dot immediately moved toward the center of the display by

4 an amount proportional to the sine of the bank angle. When the desired bank angle
had been achieved and the airplane approached the command heading, the dot contin-

ued to translate in a direction opposite to its original displacement, thus calling

for a lessening of the bank angle. When the airplane reached the comr-ind heading,

a wings-level bank attitude was required.
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In the compensatory moving airplane display, Figure 23 (b), the horizon symbol
was fixed across the center of the display. The airplane symbol rotated to indi-
cate bank angle and translated vertically to indicate pitch angle. The command dot
translated vertically by an amount proportional to the desired pitch angle. Trans-
lation of the command dot in the horizontal dimension was driven by the heading
command minus the actual airplane heading and the sine of the bank angle.

The compensatory kinalog display, Figure 23 (c), was implemented with the
dynamics that when the pilot initiated a roll, the initial rotation of the airplane
symbol was in the same direction as the roll of the airplane, as in the moving
airplane presentation. As the airplane rolled toward the new bank angle, the
entire display symbology slowly rotated counter to the direction of the roll of the
airplane. This counterrotation occurred as an exponential decay with a time
constant of five seconds. Thus, the appearance of the display asymptotically
approached that of the moving horizon presentation as the airplane maintained any
constant attitude. Consider, for example, the case in which the pilot rotates the
airplane clockwise until a 45-degree bank is achieved as shown in Figure 23 (c).
The conspicuous movement depicted on the display is a clockwise rotation of the
airplane symbol. Concurrently, the entire display presentation slowly rotates
counterclockwise, eventually appearing identical to the conventional moving horizon
display (airplane symbol parallel to the x axis of the display, horizon line
rotated 45 degrees). The presentation of pitch on the compensatory kinalog display

L operated in a manner similar to that of bank angle. After initiating a change in
pitch, the conspicuous movement on the display was the translation of the airplane
symbol in the same direction as the pitch of the airplane itself. Over time the
entire display symbology translated in the direction opposite to the pitch change
until it eventually became a moving horizon presentation. Translation of the
command dot was driven horizontally along a line parallel to the horizon symbols by
the amount of command heading minus the actual heading and minus the sine of the
bank angle. The command dot translated perpendicular to the horizon line by
command pitch angle.

The pursuit moving horizon, moving airplane, and kinalog display configura-
tions shown in Figures 23 (e), (f), and (g), respectively, operated in the same
manner as their compensatory counterparts with one exception. Instead of the
command dot translating toward the center of the display by an amount pronortional
to the sine of the bank angle, the aircraft symbol moved out by an equal amount in
the opposite direction. In effect, the airplane symbol was quickened by the sine
of the bank angle, thereby causing it to pursue the command dot rather than
quickening the return of the command dot to the center of the display. This
allowed for a pure presentation of heading error on the command dot.

Performance scores indicated that differences existed within both attitude
presentation and command presentation effects. Within the attitude presentation
factor, the moving airplane presentation was found to be superior to the moving
horizon presentation. Within the command presentation factor, pursuit command was
superior to compensatory command. In additionA, these two factors produced a signi-
ficant interaction, the pursuit moving airplane being disproportionately superior

Z_ • to all others.

SOURCE: Ref. 20
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Figure 24. HUD Format

DESCRIPTION:

Figure 24 represents- a sample vertical situation format suitable for ITUD

presentation. (No additional data available.)

SOURCE: Ref. 21
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Figure 25. Combat Energy Maneuverability Display

DESCRIPTION:

Figure 25 represents a proposed vertical situation format for WUD presen-

tation that utilizes an energy maneuverability envelope of own aircraft and target

to aid the pilot in engaging the target. This display was generated in response to

the challenge of presenting a tactical situation type display, in an air combat

maneuvering sense, that compares own energy maneuverability capability with that of

the adversary.

In Figure 25, the fighter present position is represented by an inverted T

oymbol with an open center approximately 10 mils in diameter. Since the fighter

instantaneous velocity vector is always essentially directly in front of the air-

craft, neglecting drift and angle of attack, the symbol is fixed in the center of

the display. Drift angle and angle of attack must be factored into the compution

to derive the geometrical relationship with the hostile. A horizon line, refer-

enced to the aircraft is provided with vertical movements of +90 degrees and roll

of 360 degrees. In addition, horizon tabs have been provided extending from the

perimeter of the circle to provide easier correlation with the horizon line when
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the aircraft pitch angle is relatively large. The energy maneuverability envelope
is displayed as a one-inch diameter circle fixed in the center of the display. The
projected velocity vector (V p) is displayed as a diamond shaped symbol and is
displaced within the circle as a function of that point projected into space where
the aircraft will be at selected time "t" if the present state of maneuver is
continued. The scaling factor of the circle represents the airspace required to
execute a 90 degree coordinated maneuver. This scaling factor was chosen as an
interim selection until the 'ire-control solution has been integrated into the
computation. The 90 degree turn scale is a logical choice since in maneuvering
from a head-on encounter into an offset it provides a good indication of the
lateral offset desired to maneuver into a tail chase position. The symbol also
provides an indication of acceleration- norial 'to the instantaneous velocity vector
assuming execution of a coordinated turn. If the symbol is driven to the circle
perimeter, a maximum turn capability under the current air speed, altitude, air-
craft weight, etc. is indicated. The hostile present position symbol reptesented a
small circle approximately 2 mils in diameter is displaced relative to the fighter
Vi symbol as a function of target bearing from, the fightei. Vi. Assuming a radar
scan angle limit of + x degrees, which is represented by the width of the horizon

- line, the hostile Vi symbol is displaced on a linear scale relative to the target
bearing from the fighter Vi. The instantaneous velocity vector of the hostile is
displayed as a line which is oriented in 'a true aspect angular relationship to the
bearing angle between the hostile- and the fighter. The hostile combat energy

S - mareuverability envelope is displayed as a circle translating into an ellipse
rotating in space as a function,of hostile aspect angle relative to the fighter.
The scaling factor of the hostile envelope is identical to the tighter envelope
circle. The future position of the hostile is displayed as a dot approximately 2
mils in diameter and is displaced with the hosttle maneuverability envelope as a
function of acceleration in a direction normal to the instantaneous velocity
vector. The length of the displayed hostile velocity vector is a function of
hostile airspeed as computed by raaar tracking. No scaling factor has been
selected as yet.

To provide an analog indication of range to the hostile, the size of the
hostile envelope increases from a minimum displayed size at -maximum radar tracking
range to a maximum displayed size equal to the fighter envelope circle when the
future position of the hostile is coincident in range with the fighter maneuver-
ability envelope.

The relative size and rate of change of the maneuverability envelopes is also
a function of range-rate. The hostile displayed envelope increases in size for
closing and decreases in size for opening range-rates.

It is also necessary to provide ancilliary information. This includes true
air speed, target range and range-rate, and target bearing.

A true air speed tape and scale is vertically oriented along the left edge of
the display with a numeric scale value readout at the top end of the tape. A

* range-rate scale and tape is vertically oriented along the right edge of the dis-
play with a numeric scale value readout at the top. A range scale with an asso-
ciated range index is located adjacent to and to the left of the range-rate scale
with a numeric range scale value readout at the top. An azimuth scale providing
radar target bearing is located horizontally along the bottom edge of the display.
The center of the scale represents the lubber line and is coincident with the
fighter V symbol.

SOURCE: Ref. 22
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Figure 26. HUD Display

DESCRIPTION:

The format shown in Figure 26 is from the -144's head-up display. This format

is in the takeoff mode/TACAN submode. This is only one mode of the HUM in the
F-14. (No additional information was available.)

SOURCE: Ref. 10
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Figure 27. Typical HUD Displays
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DESCRIPTION:

tv Figure 27 presents various HUD display formats for the F/A-18 aircraft.
These formats are but a few of the many formats utilized for the many modes avail-
able.

SOURCE: Ref. 23

W

46

-j



HEADING SCALE

TARGET 07 08 E 10 It
DESIGNATOR. I * | a L-J GUNCROSS7 /FLIOHT PATH

IS r- 15ANGLE SCALE

MH NO.

S"0.82
AIRSPEED

SCALE 450

10 10 15000 ALTITUDE

SCALE

400-s

5 400

b50

RETICLE:o ::

95ELOCITY VECTOR TARGET RANGE

ROUNDS REMAINING RATE OF CLOSURE

(a) Air-to-Air Attack

S"AOIN'GO SCALE

16 17 S/19 20

I ..- FLI;,S PATH ANGLE SCALE

MACH NO

AIRSPEED 0 8- ..... .- SOLUTION CUE ALTITUDE-

SCALE SCALE

5013500

400 - St-AIU!NG -5 13000
RECTICLE

- VELOCITY VECTOR--.--

350 -l0L , I-10 12500
WEAPONS
INFORMATION

6MK82
ACCELERATION,,• G

MODE .''A/G8 -15 1-15

BOMB FALL LINE PULL UP ANTICIPATION CUE

(b) Air-to-Ground Weapon Delivery

Figure 28. HUD Symbology
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DESCRIPTION:

Figure 28 (a) illustrates a representative HUD symbology for air-to-air
aLtack, and Figure 28 (b) illustrates one for air-to-ground weapons delivery. (No
additional information available.)

SOURCE: Ref 14
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Figure 29. Unreterenced Flight Director

DESCRIPTION:

The display shown in Figure 29 provides guidance without the need for stabili-

zation with respect to a ground object. IE makes u3e of processed information. It

is a fly-to display in geographical coordinates, but true angular relationships are

not preserved. It provides portection against fixation, or undue concentration, on

the guiding elements.

Guidance in the display is provided by the relation between a fixed circle

•.• with "wings" (1) and a movable dot symbol at the apex of a stack of crossbars (3).

The circle represents the aircraft and its wings are parallel with the lateral axis

of the aircraft. It is "flown" to the dot, which moves parallel to the horizon for

i commands.

• The stack of crossbars has each member parallel to the horizon at all times,

and it is enclosed by an (invisible) envelope terminating in the dot symbol. The

lowest crossbar (which is always nearest the ground) rotates in bank at a fixed

• distance from the aircraft circle, so that when the dot is displaced the envelope

S~becomes distorted. The purpose of the crossbar stack is to indicate where the dot

symbol is located withouc •he user having to fixate on it, and to show bank atti-

S~tude in the absence of an artificial horizon (at large angles of elevation).

4) 49



An artificial horizon (2) is provided in the form of a bar with a gap spanning
the aircraft circle. It shows bank angles in the usual way and elevation ("pitcýh
attItude") at reduced scale, which is a convenient device foc keeping the symbol
within the display field and is sufficient to indicate the nature of the maneuver
required by the flight director. Another supporting element is a digital readout
of radio height (4) which changes in intervals of ten feet, as is convenient for a

PEE tabilized approach. Peripheral elements include a "fast-slow" speed indicator (5)
showing departures in 10 knot intervals from a set speed (positive upward), and

scales showing "raw" (unprocessed) glideslope (6) and localizer (7) deviations
which are also conventional in interpretation (e.g., if the scale center is above
the movable "btsg" in the glide-scope indicator the aircraft is high). Finally a
square symbol (8) is provided as a master warning. It may be noted in passing that
the ILS scales are the only elements of the display wrhich are not uniquely
identifiable by shape alone.

SOURCE: REF 24
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Figure 30. Referenced Flightpath Display

DESCRIPTION:

In this display flightpath information is referred to an aimpoint on the
runway. The information is essentially elementary in nature (unprocessed) and is
of two kinds: the position of the flightpath, whether displaced above or below an
ideal path (usually a 30 path through the glide slope origin at the touchdown
zone), and the direction of the flightpath, expressed as a point of eventual impact

F with the ground.~ It is a fly-to display, in the sense that path displacement and
FI direction symbols have to be brought to the runway aimpoint. Lateral guidance is

confirmed by the appearance of the runway itself. This is essentially a true angle
display.

In this format the artificial horizon (12) is a line with a small gap which is
aluays above the display center on a line parallel to aircraft vertical. The
artificial horizon is, of course, displaced from the visible horizon because of the
earth's curvature.

Guidance is provided in this display partly by the relation between the dis-
placement symbol (13) and the aimpoint. The symbol is a series of dashes, with a

4 central gap, and is parallel to the horizon at an angular distance of, say, 3.
When it is below aim the aircraft is below the ideal (3) path, and when it is above
aim the aircraft is above this path. Guidance is also provided by the relation
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between the flightpath symbol (IA) and the aimpoint. This symbol is moved beyond
aim by the pilot's control action, to the side remote from the displacement symbol
(13). The amount of movement is chosen to reduce displacement at a suitable rate,
and as the displacement becomes less the flightpath symbol is brought closer to
aim, so as to reduce the rate of closure. The two symbols (IA, 13) eventually
converge on aim unless there is a wind effect, which may require the flightpath to
be maintained at an offset. The flightpath symbol is the aircraft symbol (1) of
Figure 29, with a fin added. It is oriented and moved (at true angular scaling) in
aircraft coordinates, so that guidance, horizon, and aimpoint symbols form hybrid
(geographical-aircraft) system.

The other elements follow the layout of Figure 29 and include the same ILS
glideslope (6) and localizer (7) scales but the fast-slow speed element is replaced
by the vertical fin (11) of the flightpath symbol, which shows positive and nega-
tive departures from a set speed by upward and downward extension, respectively.
There is no digital readout of height; instead, there is a moving scale with
intervals of 100 ft (17) which moves through a "window" in the format. The master
warning symbol (8) is the same as in Figure 29, and it is again true that the ILS
scales are the only elements not uniquely distinguished by form.

SOURCE: Ref 24
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Figure 31. Referenced Flightpath Display

DESCRIPTION:

The concept for the display in Figure 31 is similar to that of Figure 30.
This display differs from Figure 30 in the shape and orientation of the flightpath
(direction) symbol and in its coordinate frame of motion. There are also differ-
ences in peripheral elements of the formats. This display is also essentially a
true angle display.

Tn Figure 31 the artificial horizon (18) has a gap which is always above the
display center in the geographical vertical, thus providing a heading reference
point which is itself in true angle.

Guidance is again provided by the relation of the fixed depression (13) and
flightpath (19) symbols to the aimpoint, but in this case the flightpath symbol is

k oriented and moved in geographical coordinates. The horizon, aimpoint, and gui-
dance symbols thus form a pure geographical system.

Other elements are the same as in Figure 20. The ILS scales (6, 7) and the

master warning symbol (8) are carried forward from Figure 29, the moving height
scale (17) replaces the digital height readout, and speed error is shown by a fin
(11) on the flightpath symbol.

SOURCE: Ref 24
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Figure 32. Referenced Flightpath Display

DESCRIPTION:

Figure 32 is similar conceptually to Figure 30 and 31, differing in shape and
orientation of the flightpath (direction) symbol, coordinate frame of motion, and
peripheral format elements.

In Figure 32 the elements of the central zone are closely similar to corres-
ponding elements in the format in Figure 30. The horizon (12) is the same symbol
with its gap again located on the aircraft vertical. The fixed depression symbol
(13) is the same symbol and is used in the same way, by observing its displacement
from the intersection of localizer line (14) and crossbar (15) symbols, which are
also the same as in Figure 30. The main difference is in the shape of the flight-
path symbol, which is in the form of two aircraft coorainates. It is used in the
same way as the Figure 30 flightpath symbol, and guidance, horizon, and aimpoint
symbols again form a hybrid system.

The other elements of the format are exactly the same as in Figure 29. In
other words, the digital height readout (4), the fast-slow indicator (5), glide
slope (6) and localizer (7) scales and the master warning symbol (8) have the same
forms, positions, and orientations as in Figure 29 format, while the moving height
scale and "fin" speed error are not used. As before, all symbols except the ILS
scales are distinguishable by form alone.

SOURCE: Ref 24
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Figure 33. Referenced Flightpath Display

DESCRIPTION

Figure 33 is conceptually similar to Figures 30, 31, and 32, differing in

shape and orientation of the flightpath (direction) symbol, coordinate frame of
motion, and peripheral format elements.

The format shown in Figure 33, is derived from the format in Figure 32 by

modifying the flightpath symbol. The difference lies in orienting and moving this

symbol in geographical coordinates, in true angle (22). It follows that the rela-
tion between Figure 32 and this format, which includes a shift in horizon gap, is

the same as the relation between Figure 30 and Figure 31 formats. Thus, the artifi-
cial horizon is changed from symbol (12) to symbol (18), with dependent changes in

position for the heading marker (16), localizer line (14), and crossbar (15), which

* are otherwise unchanged. The fixed depression symbol (13), which is entirely

unchanged, together with the flightpath (22) and "background" (14, 15, 16) symbols
form a pure geographical system similar to that of the Figtre 31 format and are

used in a similar way.

Digital height (4), speed error (5), IIS scale (6, 7), and master warning (8)
elements are the same as in Figure 29, with the same degree of individual unique-

5ý ness among all the symbols.

SOURCE: Ref 24
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Figure 34. Referenced Flightpath Display with Fiightpath Index

DESCRIPTION:

Guidance it, Figure 34 is again provided through unprocessed information about
the position and direction of the flightpath in relation to the horizon and runway,
but ilie directional aspect is managed with the help of a flightpath index, instead
of a runway aimpoint. This leads to some loss of conformity but the display is
otherwise in true angle and Is still of the "fly-to" kind. Besides these changes,
there are 'edificatiorts to the supporting elements to provide more height informa-
tion, whle removing the ILS scales.

Background symbols include an artificizil horizon (28), which is an un-broken
bar with an enlarged runway heading marker (27) and smaller markers (29) at regular
incervals (such as 5'). The localizer line (14) is drawn in the usual way from the
runway heading marker, and guidance is confirmed by the apparent perpendicularity
of %his line. The background symbols either reinforce or replace corresponding
features of the external visual world.
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The flightpath symbol (21) has the same form and orientation as the corres-
ponuing symbol of the format in Figure 32, and it is also moved in the vertical
axis of the aircraft but it remains with its center on this axis; that is, sideslip
is not shown. The fixed depression symbol of the other formats (13) is repiaced by
a circle (34) which is at the same angle below the horizon but remain,; 1n Lhe
geographical vertical through the runway heading marker (27). This symbol is no
longer the primary means used to decide how to place the flightpath symbol. Its
function is taken over by the flightpath index (35) which is a thin line of dashes,
each longer than in symbol (13). The flightpath index is parallel with the horizon
and it is depressed by an angle calculated to secure an optimum rate of reducing
displacement when the flightpath symbol is aligned with it. The index represents
no physical feature of the real world and is conformal only in its coordinate
system. When the flightpath symbol is held on the index the two symbols (21, 35)
tend to converge on the fixed depression circle (34). The situation is compli-
cated, however, by the presence of a longitudinal wind component, especially if
this is unknown. The background and guidance symbols form a hybrid system.

The display is flanked by two vertical scales. Altitude is shown on the left
hand scale (31), with the main sea level altitude of the runway indicated by the
top of a bar symbol. Radio height is shown on the right hand scale (17), the zero
value corresponding with landing. These scales are similar to the moving height
scale of the format in Figure 30, but a three-dot symbol is added to each of then
to show decision heights (32, 36). Speed error is shown by fins extending from the
flightpath symbol, rising upward from the upper surfaces for a positive error (33)
and falling from the lower surfaces for a negative error. A digital readout of
airspeed is provided in support of the speed error symbol and this is seen at the
upper left corner of the format (30). The master warning symbol and ILS scales are
omitted from the format, and there is a tiasonable degree of uniqueness among
symbols except for the similarity of height scales.

SOURCE: Ref 24



Figure 35. Referenced Flight Directors

DESCRIPTION:

The Figure 35 format makes use of processed information in providing guidance
with respect to a ground object. It is a "fly-to" display in the sense of
requiring action to move a guiding symbol to an aimpoint. The background elements
are in true angle, in geographical coordinates. The guiding element is not in true
angle but is moved in geographical axes.

Guidance Ls provided by the relation between the flight director symbol (20)
in Figure 35 and the aimpoint, which may be indicated by symbols (14, 15) or it may
be the touchdown zone on the real runway. The director symbol is the flightpath
symbol of Figure 30, which is moved in geographical axes for azimuth and elevation
commands. No displacement information is provided and the user is not required to
interpret unprocessed information in order to surmount a difficult (wind) situa-
tion, though he may use supporting elements for monitoring purposes. The back-
ground and guiding elements together form a pure geographical system, as far as the
coordinate framework is concerned, but the director symbol has no one-to-one corres-
pondence with any feature of the real world. Also, it is oriented in aircraft axes
to provide an attitude reference.
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The ILS glide slope (6) and localizer (7) scales, and the master warlning

symbol (8) of Figure 29 &re provided, together with the moving height scale (17) of

Figure B. Speed error is shown by a fin(ll) added to the director symbol. Once

again, the ILS scales are the only elements not distinguishaole by form alone.

SOURCE: Ref 24
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Figure 36. Referenced Flight Director

DESCRIPTION:

The format in Figure 36 is derived from Figure 35. It differs from Figure 35
in the configuration of guiding elements and the provision of displacement informa-
tion. There are also differences in supporting elements.

In this display, Figure 36, proces3ed guidance information is only available
in the true vertical plane. It is again referred to the symbolic aimpoint (14, 15)
or the real world runway. Displacemeat is shown by the position of the fixed
depress-on symbol (13) in relation to aim. Information of commaaid type is shown by
the relation bet,;ca-i a row of dots (26) and the aimpoint. These dots move out from
nesting positL,'ns in the fixed depression symbol as a result of control action.
The amount of control required is shown by the angle through which the dots have to
be moved for them to become aligned with the aimpoint. The pilot is thus assisted
in using the procissed (command) guidance information by knowing the reason
(displacement) tor the action required of him. Background and guidance elements
form a pure geographical system, except that the line of dots corresponds to no
feature of the visible external world.
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The ILS glide slope (6) and localizer (7) scales, and the master warning
symbol (8) of Figure 29 are provided, together with the movLng height scale (17) of
Figure B. Speed error is shown by a fin(ll) added to the director symbol. Once
again, the ILS scales are the only elements not distinguishable by form alone.

V-2 SOURCE: Ref 24
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The periphery of the format is occupied by the fast-slow display (5), ILS
scales (6, 7) And master warning symbol (8) of Figure 29. A change is made,
however by introducing a digital display showing the relation of present height to
decision height. The value set for the decision height is labeled DH and appears
always in the same position, in the upper right corner of the format (24). Above
it is a digital readout of present height (23) which appears only when the aircraft
is above decision height. Below it is a similar readout (25) which appears only
when below decision height. As before, all elements of the display have unique
forms except the ILS scales.

SOURCE: Ref 24
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2.2 CONTACT ANALOG FORMATS

The contact analog display is a pictorial representation of the real world
view which the pilot would have under conditions of visual ccntact flight. Contact
analog displays are not camera images or television pi'"ures of the real world,
they are an artificial racreation of the real world. Carel (Reference I) has
defined them as "point perspective projections of a three-dimensional mode] (of the
real world) to a picture plane." Every real world detail is not rendered in the
contact analog presentation, it is a selective, abstn.ct, and stylized pict' of
the real world. Display elements obey the same laws of motion and perspeativ as
their real world countnrparts. The contact analog coatains reference objects
significant for flight uerformance such as a surface representing local horizontal,
usually called ground plane, a surface reoresentiag command flight path, and other
surfaces or objects useful during different phases of the mission.

The basic a.sumption upon which the contact analog is founded is that the
pilot can fly an aircraft solely by visual cues from the extra-cockpit environment.
The contact analog is the means cf recreating VFR day cues within the cockpit at
all times. Because there is a 1:1 correspondence between the contact analog dis-
play and the real world, pilots should have little trouble in transferring to the
contact analog (Reference 5).

Advantages of the contact analog include: reduced uncertainty and ambiguity
due to the naturalness of the presentation; ease of maintaining three dimensional
orientation in all flight situations; and simplicity of learning and using.
Disadvantages are basically two: problem of overemphasizing pictorial realism khow
much is too much); and it is relatively poor (as is any pictorial realistic format)
in providing immediate and precise quantitative information.

Much of the early work on contact analog displays was performed under the
wide-reaching ANIP (Army-Navy Instrumentation Program) study (Reference 25)
conducted by Douglas Aircraft Company and a host of subcontractors in the 1950's
and 1960's. The successor to this program, the JANAIR (Joint Army-Navy Aircraft
Instrumentaion Research) program, continued research and evaluation of contact
analog displays through Bell Helicopter (References 26-33) and the Naval Missile
Center (References 34-37).

The examples of contact analog displays on the following pages are provided to
give the reader a quick overview of historical contact analog conceptions. It is
by no means meant to be an exhaustive presentation of every contact analog foroat
ever devised.
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Figure 37- Contact Analog Horizon References



DESCRIPTION:

A pilot judges his relationship to space and time under contact conditions,

primarily by reference to visual cues. One important visual cue was found to be an

internal reference, which permit, the pilot to regard himself and his aircraft as a

single un•t. Such a reference ,formally is available to the pilot in the form of a

Windshield. A second important visual cue is external reference. To the pilot,

one of the most common external references is the borizon, Figure 37 (a). It

enables him to determine the relationship of his aircra.ft to external objects.

This information alone, quite often gives rise to misinterpretations. Parallel

,.ines, apparently converging, represent linear perspective, Figure 37 (b), helping

the pilot to judge angular and altitude changes as witnessed in a dive. The tex--

ture of a reference surface is used by the pilot to determine slant of the surface,

altitude and distance, Figure 37 (c). This powerful visual cue is sufficient in

itself to establish orientation without reference to the horizon. A textured

surface representing the sky, composed of a distinctly different pattern from the

9ground pattern, provides orientation when the ground plane is not available, Figure

SV37 (d). In air-to-air orientation, the closer of two similar aircraft would appear

to be larger, indicating size is also an important cue. Movement over the surface

results in an apparent distortion of the visual field, and this is known as motion

parallax. Motion parallax provides a compelling cue to distance, speed, and direc-

tion of motion.

SOURCE: Ref 38
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Figure 38. Contact Analog Display

DESCRIPTION:

The contact analog display is the point perspective projection of a three-
dimensional model to a picture plane. The model contains reference objects signi-
ficant for flight performance such as a surface representing the local horizontal,
usually called the ground plane, a surface representing the command path for the
pilot to follow, usually called the flight path, and other surfaces or objects
useful during different phases of the mission. The computer that paints the
display may also paint conventional non-perspective symbols in the plane of the
display; circles, crosses, and the like.

The major elements in the contacc analog display are the ground plane and the
command flight path -- the "highway in the sky." The use of the gr•'tnd plane is
fairly well understood, although it must be said in passing that it does not neces-
sarily represent the ground but, for aircraft application, simply a horizontal
reference surface that, on the display moves precisely in the same way as does the

* real ground in response to aircraft maneuvers. The intended application of the
command flight path represents a fixed path in space along which the pilot flies
much like driving a car down the road. Presumably the trajectory of this pathway
is generated to realize the optimum safe performance potential of the aircraft. It

Of. represents, in short, the best path to the end goal.

SOURCE: Ref I
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CONTACT ANALOG PROPOSED INSTRUMENT

IL
IRE

V-1 A. LEFT BANK, LEVEL FLIGHT

B. RIGHT BANK, CLIMBING TURN

C. LEFT BANK, DIVING TURN

Figure 39. Existing and Suggested Means of Presenting Roll Information on an
Integrated "Contact Analog" Display

DESCRIPTION:

The moving horizon display (Figure 39) presents a relative motion
problem because, while the horizon should form the stationary reference
framework with respect to which the instrument panel and vehicle move, the

2 •horizon display is naturally perceived as moving with respect to the
instrument panel.
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The presentation of a frame of reference for vehicle motion within a display
results in what has been termed an "inside-out" display. If instead a miniature
moving aircraft were shown against a horizon that was fixed with respect to the
instrument panel, as when painted onto a stationary part of the instrument, the
display would be termed "outside-in."

In a display for instrument flight, it is possible to avoid the confusion due
to roll motion entirely by changing the display design. One means of doing this
adds an aircraft symbol to the display to indicate roll. Pitch is shown by up and
down motion of the horizon, as at present, with the aircraft symbol as an added
reference.

SOURCE: Ref 39
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Figure 40. Vertical Display

DESCRIPTION:

r-igure 40 shows an early ANIP Contact Analog format with ground and sky
texture. (No additional information available.)

SOURCE: Ref 40
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Figure 41. Douglas A.N.|.P. Display

DESCRIPTION:

Aircraft guidance with respect to flight path and roll angle can be given to
the pilot by a "path in the sky." In Figure 41, the ILS glidepath appears as a
straight path made up of rectangular stepping stones running down to a spot on the
ground which represents the runway aiming point. In other cases, where banked
turns a~ie ca~led for, the path appears as a twisted ribbon in the sky.

Variations from a desired airspeed set by the pilot are shown by the series of
small rectangles along the left side of the stepping stones. When actual airspeed
is less than the commanded these rectangles move forward in relation to the
stepping stones indicating a need to increase speed. Similarly, they move back
toward the observer when a decrease is required.

SOURCE: Ref. 17
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Figure 42. Conceptual Takeoff Displays

DESCRIPTION:

Figure 42 shows a proposed ANIP main instrument panel replete with a head-upcontact analog display and a complementary geographic plot. The contact analogdisplay has distinctive sky and ground textures and a pathway in the sky. Thegeographic plot shown is a horizontal display format of intended flightpath, map
features and where your aircraft is in relation to these features.

SOURCE: Ref 41
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Figure 43. Contact Analog Display

DESCRIPTION:

The vertical reference, contact analog display, shown in Figure 43, consists
of a ground reference plane, a flight path or a flight director, sky texture, and
command spee'd.

SOURCE: Ref 41
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Figure 44. Contact Analog Display

DESCRIPTION:

The contact analog JSD in Figure 44 shows a gridded surface, sky texture
including clouds, flight path with centerline and "tar strips," and airspeed
indicator dashes locatt':d on the right side of the pathway. These dashes
would remain stationar, with respect to the pathway when the aircraft is "on
speed." They would m.)ve towards the observer at a rate greater than the
pathway to indicate an "overspeed" condition and "decrease speed" command.
They would move away from the observer at a rate greater than the pathway to
indicate an "underspeed" condition. The ground grid is fixed with respect to
the earth and, as shown in Figure 44, an indication of heading is providad by
the relationship of the flightpath and the ground grid.

SOURCE: Ref 42
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(a) Level - On Course (b) Pitched Up - On Course
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Floure 45. VS*Forat

DESCRIPTION:

Figure 45 illustrates a contaent analog VSD for four separate flight
conditionis. The ellipses on the surface (actually circles seen in
perspective) and the stripes on the pathway move towards the 7iewer as the
,aircraft traverses the ground. The circle centrally located on these

examlesrepesets our. rcraft's relation to the pathway and the horizon.

SOURCE: Ref 42
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Figure 46. Contact Analog Display with Pathways
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DESCRIPTION:

Two types of pathway displays for helicopter flight maneuvers (which, by
nature, differ from airplane flight maneuvers) were developed to investigate their
effect on helicopter pilot performance. The first, Figure 46 (a), had a basic grid
plane which moved perspectively with movement of the aircraft, relating lateral and
K ertical flight deviations to the pilot. The grid was presented with real world
perspective (a 3600 turn presentation capability) with four vanishing points,
termed cardinal heading. The squares decrease in size as the aircraft increases

Sits altitude and vice versa. A sky texture was shown above a fixed, accentuated
horizon line. A simulated haze layer (50 viewing angle) appears just above the
horizon line to prevent confusion during convergence of grid lines forming linear
perspective. The earth stabilized command pathway represents a 30-foot wide area
over the grid plane. The pathway lies across the grid line during lateral devia-
tions and izzains fixed in size, appearing to move with the pilot during vertical
deviations.

The second pathway display (Figure 46 (b)) includes "tarstrips" (cross bars
situated 30 feet apart) which move toward the observer to provide ground speed
information. Correctly flying the aircraft with the display reqiwred the pilot to
maneuver the aircraft so that the grid appeared to be moving straight toward the
pilot to prevent and/or correct for grid lines slanting diagonally.

SOURCE: Ref. 19.
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Figure 47. Contact Analog Display

DESCRIPTION:

The contact analog display shown in Figure 47 was designed to investigate a
new means of display integration for the X-15 hypersonic research vehicle. The
basic picture contains a ground plane with textural elements shown in true perspec-
tive, an artificial horizon, and a sky with clouds. A flight path is superimposed
on this background giving command flight information. The square represents the
vehicle's longitudinal axis. The hollow center permits viewing the tip of the
pathway at null, thus, permitting greater accuracy. The cross used in conjunction
with the square represents flow direction (ctand ). Heading error and pitch error

are displayed with the cross during portions of the flignt when these parameters
are of prime importance. The ground position identifier is uscý to indicate the
terminal landing area or any of the emergency landing areas with suitable mode
switching. It could also represent high or low key checkpoints, but some visual
extrapolation would be necessary since the ground position identifer is in ground
coordinates.

The ground texture represents the surface of the earth by a plane containing a
pattern of shaded squares. The orientation of the vehicle with respect to the
earth is described by roll, pitch, and heading angles and is shown by corresponding
motions of the display elements. Vehicle altitude is displayed by variations in _
the apparent size of the squares which make up the ground texture pattern. The
pattern has motion in proportion to the aircraft velocity in the direction opposite
the vehicle motion.
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Figure 48. Path Configurations
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The command path contains a centerline and tarstrips which move toward the
vehicle. Path orientation is descri bed by roll, pitch, heading error, slope error,
alt'tude error, and lateral offset. A typical system contains several modes of
pathway presentation. These include command, navigational and reentry modes.
Various path configurations are shown in Figure 48.

In the command mode, the pathway is vehicle-stabilized, i.e., fixed to a point
beneath the aircraft. During normal flight, the path is approximately 15 feet
below the aircraft and vanishes at the center of the screen. Heading errors cause
the path tip to bend left or right, and slope errors move the tip up or down. Roll
angles cause a corresponding roll motion of the path. A lateral displacement will
cause the near-end of the path to move right or left while the tip remains fixed.
The primary advantage of this mode is that the path does not disappear from the
screen under conditions of large heading and slope errors.

The navigational mode is similar to the command mode except that the path is
earth-stabilized. The path does not bend in this mode to indicate a command turn,
but merely changes apparent heading. (As a result, excessive heading errors could
cause the path to move off the screen.) This mode is used primarily in situations
where input information is available in navigational form.

The reentry mode contains two paths which form a "corridor" for displaying
upper and lowe- limits of flight, such as those defined by heating limits, decelera-
tion limits, and minimum entry angles. The corridor has the same degrees of free-
dom as the navigational pathway.

SOURCE: Ref 43
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Figure 49. VSD Flight Path Mode

DESCRIPTION:

The VSD shown tn Figure 49 is raster flight path mode format. The sky and

ground are differentiated by texturing. The commanded flight path is shown rela-

tive to your aircraft symbol. Flight path commands would be generated from

compass, VOR/ONNI, ILS, or ADF data. (No addjtional information available.)

SOURCE: Ref 5
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Figure 50. Path-in-the-Sky Head Up Display

DESCRIPTION:

Path-in-the-Sky head-up display in Figure 50 provides a true three-dimensional
roadway in the sky projected through the windscreen and superimposed on the real
world. The path can be made to extend from the aircraft to any desired location.
Additionally, actual airspeed, desired airspeed, steering errors, crab angle, roll
attitude, angle of attack, runway outline and an artificial horizon are provided as
picture analogs.

An artificial horizon, aircraft axes, a central "roadway" and two "sidewalks"
on either side of the roadway combine to create an inside-out perspective of the
flight conditions. The index line which appears on the lower half of the display
depicts an extension of the aircraft main gear footprint along the aircraft
velocity vector to a point forward of the aircraft where the roadway should first
become visible to the pilot.

The pilot's task is to "guide" his aircraft down the command path, maintaining
command pitoh angle and level flight by utilizing the pitch bar and aircraft axes
as vertical and horizontal eferences with which to align the horizon line and
roadway centerline. As the aircraft flies over the road, the pattern in the road
appears to roll under the aircraft at actual speed. The sidewalks, depending on
whether they move at a slower or faster rate than the central pathway, provide cues
for- inateng; or dec-rMa•ng velocity#

OURCE:- Ref 19
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(a) Vehicle Below Nominal Path and to the Right

(b) Vehicle Above Nominal Path and to the Left

Figure 51. Vertical Display Display Presentations - Space Vehicle Attitude Mode
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(a) Vehicle on Command Path (b) Vehicle on Path with Yaw Left Command

()Vehicle on Path with Yaw Left Command (d) Vehicle on Path and Rolled to Right

Figure 52. Vertical Display Presentations -Space Vehicle Command Attitude Mode
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4-(e) V~hicle on Nominal Path but Slightly (f) Vehicle Required Altitude but to Left
Below Required Altitude. of Nominal Path. On Intercept Course.

i

(g) Vehicle Above Nominal Path and Rolled (h) Vehicle Above and to Left of Nominal Patti
Right. About to Pass Through Path and On Intercept Course.
Cross Over to the Right.

Figure 52 (Continued). Vertical Display Presentations - Space Vehicle Path Mode
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DESCRIPTION:

The vertical displays in Figure 51 and 52 depict a space analog presentation
developed to investigate advanced integrated displLy-control requirements for
post-apollo space vehicles. The electronically generated scene was a view looking
forward over the nose and along the thrust axis of the vehicle. The viewed scene
was in 1:1 relatfinship with the real world. The background scene consisted of a
ground plane, horizon line, and starfield presentation for displaying vehicle
orientation, velocity and heading relative to the local horizontal plane. In
addition, the ground plane grid indicated variations in altitude, the size of the
grid varying inversely with altitude. A pathway, converging at infinity, is super-
imposed on the background scene with the function of the path varying with the
selected display mode - ATTITUDE or COMMAND ATTITUDE. Figures 51 and 52 showtypical vertical display presentations for each mode.

In the attitude mode the pathway represented the nominal (or required) orbital
path, and conveyed vehicle attitude, velocity, vertical (altitude) and lateral
(horizontal) displacements relative to it. For vehicle roll displacements the path
rotated with the background scene - i.e., with the ground plane. Vehicle yaw and
pitch motions with respect to the path were depicted by rotations of the path with
the pilot as the center, and displacement of the path vanishing point (tip) from
display center, right - left parallel to the ground plane, and up - down normal to
the ground plane, respectively. Vehicle velocity along the path was displayed by
bars ("tar strips") across the path, and parallel to the horizon line, which trans-
lated along the path. The width of the path varied inversely with altitude error
(vehicle altitude relative to that of the nominal path), the near end of the path
being full display width for zero altitude error. Direction of altitude error was
presented by the relative position of the path with respect to the center of the
screen; the path appearing in the lower half of the screen when the vehicle was
above the path and vice versa. The near end of the path was displaced left and
right of display centerline parallel to the ground plane for lateral (horizontal)
displacement of the vehicle from the nominal path.

In the command attitude mode the path presented required attitude at present
vehicle position. The near end of the path remained at full width of the display,
parallel to the ground plane, and centered in the display (zero altitude error and
lateral displacement) representing present vehicle position. Yaw and pitch atti-
tude changes required for controlling the commanded flight path were presented by
lateral displacements of the path tip - by bending the pathway right and left
parallel to the ground plane; and vertical displacement of the path tip by rotation
of the pathway up and down about its near end normal to the ground plane, respect-
ively. Present velocity was displayed by the "tar strips" as for the attitude
mode, while the velocity error from the required value was displayed by speed
markers, bars adjdcent and parallel to the left side of the pathway, which trans-
lated along the path at a rate that was a direct function of the velocity error,
the direction of motion relative to that of the "tar strips" denoting the error

= sense.

SOURCE: Ref 44
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Figure 53. Steering Director Display Showing Aircraft Below and to Right

of Desired Path

DESCRIPTION:

Figure 53 illustrates a contact analog display for rotary-wing aircraft with

flight direction information in various flight situations. (No additional informa-

tion available.)

SOURCE: Ref 45
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Ca) Four-foot call size. (b) Elght-foot cell size.

(c) Sixteen-foot cell size. (d) Thirty-two-foot cell size.

(e) Slxty-four-foot cell size.

Figure 54. Effect of Increasing Call Size
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Figure 55. Three Types of Ground Texture Elements.

DESCRIPTION:

The illustrations in Figures 54 and 55 show the effect of varying ground plane

texture in a contact analog format. Figure 54 shows how an altitude cue can be

provided on the contact analog by simply varying ground texture cell size. Figure

55 looked at types of ground texture and the resulting display appearances.

SOURCE: Ref 34
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Figure 56. Command Situation Display

DESCRIPTION:

The display in Figure 56 was developed as an example of a basic vertical
command situation display for a fighter aircraft. It utilizes command symbol
movement to present rate information. For example, the control command symbols
will appear to advance or recede to indicate speed control errors. Symbols will
remain fixed when speed is on command. The altitude readouts will appear to move
up or down furnishing altitude rate infornation.

SOURCE: Ref 16
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Figure 57 (Cortinued). Flight Path Display

DESCRIPTION:

Figure 57 depicts two later ANIP contact analog displays showing the command
pathway and sky and ground plane texture. (No further information available.)

SOURCE: Refl 38
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Figure 58. Contact Analog and Flight Path

DESCRIPTION:

Aircraft attitude and position are presented in Figure 58 by mean- of two
planes generated in two dimensions with proper perspective, one plane representing
the ground, the other representing the sky. A horizon will be formed when the two
planes, each ground-stabilized, appear to meet at infinity. The resulting display
will indicate aircraft attitude in exact agreement with that which the pilot would
see while viewing the surrounding terrain through the display area.

Flight-director information will be presented to the pilot In the form of a
"highway in the sky," shown in Figure 58 as a path of diminishing ellipses. This
flight path will appear to have no thickness, to have a finite width and to be
indefinitely long. Command speed will be given by means of the "velocity track,"
shown as boxee alongside the flightpath. The elements of the velocity track will
appear to be fixed o-at in front, move toward, or away from the vehicle to indicate
either excessive, or insufficient vehicle speed.

SOURCE: Ref 40
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Figure 59. Pictorial Display, Landing Mods

DESCRIPTiON:

The integrated pictoriai display in Figure 59 shows a proposed landing mode
configuration. The basic vertical situation is shown in a contact analog format
with the desired glideslope displayed as stepping stones down to the runway center-
line. Airspeed, heading, vertical speed, and roll are displayed quantitatively.
(No additional information available.)

SOURCE: Ref. 12
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(b) Fixed-Wing Basic Format (Revised Version)

Figure 60. integrated Flight Displays
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Licalizer Error

GlidesiopeJI%
Deviation

Rate of Descent

(C) Fixea-Wing Lan jingj Format

Figure 60 (Continued). lnstegrated F111911 Displays

DESCRIPTION:

The formunts are shown in. Figure k6)C the result of simulatic~n studies of

an integrated¶ electronic vertical display developid for a raster cart -iV

integrated flight display, suitable for use in fixed-wing, ro~tary-wing, and

VTOL aircraft.

It is interesting to note in these formbats that the ground is ~ridded

exetin Figure 60 (c) and the sky iises circles (ellipses when seen in
perspective) to provide texture. igure 60 (b) represents a rev~ision of (a)
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SFigure 61 Computer-Generated Image

S~ DESCRIPTION :

SThe EADI fo,'mat shown "in Figure 61. was used in a piloted simujlation e,,:aluatilol
of. the benefits of the addition of runway symbology and track informat'ion to an

. EADiL for the approach-to-!land.i ng task. Results of this evaluation showed t1hat the

addition of a perspective runway image and relative track information improved
tracking performance both laterall1y and vertically during the approach-to-ianding

•i- task and mental workload necessary to assess the approach situation was reduced.

SOURCE: Ref 47
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_lguvs 62. Command Flight Path

DESCRIPTION:

The display In Figure 62 was developed as part of a program investigating new
integratnd visual displays. It is a natural "solution" display in that it simulean-
eously presents "what to do" as well as "how to do it" information. A flight path
is shown composed of moving "tar strips" and a speed index. The aircraft
stabilized, commanded flight path extends out in front of the aircraft, displayed
to the pilot with complete geometric fidelity. Thus all elements will appear with
proper perspective.

The flight path is displayed as though the aircraft is taxiing on it. The
"tar strips" appear to move under the aircraft at a speed proportional to the
airspeed. The speed index is nulled with the "tar strips" when commanded and
actual speed are equal. The index will move forward or aft in relation to the "tar
strips" if commanded speed is different from actual aircraft speed.

The command flight path would be applicable to miany different mission situa-
tions. These include takeoff, rendezvous, air-to-ground attack, and landing.

SOURCE: Ref 48
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Figure 63. Symbolic Depth-Azimuth Quickened Display

13 Quickened Compensatory Tracking
Symbol (Includes Ordered Z, )
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Center of Window)

4 Obstacle

Figure 64(A). Contact Analog Display: Symbolic Quickened Tracking
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Figure 64(B). Convact Analog Display: Perspective

Quickened Tracking

0 Ordered Z,
4 Tracking Symbol

(Predicted Path)

oObstacle
• Ship's Z,

Figure 65. Symbolic Input to Azimuth Predictor Display
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DESCRIPTION:

The four displays in Figures 63, 64 (a,b) and 65 were used in a comparative
evaluation of pictorial vs. symbolic displays for submersibles.

Figure 63 is the depth-azimuth display with symboll- quickened tracking. The
four shape-coded symbols are set in a depth-azimuth coordinate frame. They indi-
cate ordered position, actual position, obstacle or target position, and quickened
tracking reticle.

Figure 64 (a) is a contact analog, a pictorial inside-out "window" display,
with a superimposed symbolic compensatory tracking task. This concept represents
real-world gecmetry consistent with available sensors and on-board navigational
computation, on a two-dimensional perspective plare. The symbolic tracking task
permits the introduction of quickened information without loss of vehicle status
information with respect to the earth coordinate reference frame. In Figure 64 (a)
the operator is shown a horizon, grid structure representative of the sea surface,
and a parallel structure representative of the sea floor or test depth of the
vehicle. Between these surfaces, a command path is displayed which is earth
stabilized in depth, and offers cues of depth and azimuth errors. These display
cues are not actively employed in the tracking process, which consists of merely
nulling the bow reference marker into the quickened compensatory tracking symbol.
In this display, the obstacle appears as a pole between the grid structures with a
short horizontal bar to indicate obstacle depth. Range is determined by perspec-
tive cues.

Figure 64 (b) shows the contact analog display with a perspective tracking
symbol. Introduction of quickened tracking information in the three-dimensional
perspective of the contact analog space give the operator a consistent display
rooted in real-world geometry. Consistency is obtained because vehicle situation
and tracking functions are perceptually integrated. The operator forces the
tracking symbol to conform to the perspective of the pathway element in the contact
analog by appropriate control column deflections in a pursuit tracking task. This
action brings his vehicle to the ordered depth and azimuth of the pathway. The
quickened tracking symbol is made up of an element of the horizon and elements of
the left and right curbstones of the pathway. As shown in Figure 64 (b), the
tracking symbol is matched, in a pursuit tracking manner, with the appropriate
elements :.f the real-world analog.

Figure 65 shows the symbolic depth-azimuth predictor display. This technique
utilizes the two time scale computer method of prediction, where a model of the
vehicle in a fast-time simulation is employed to determine future trajectories of
the vehicle with prevailing initial conditions, and various control input programs.
The operator selects a desired future time to rendezvous with the ordered depth-azi-
muth position, and within the known programmed system dynamics, he can apply appro-
priate control column deflection to effect this solution.
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Evaluation results showed the choice of any one display or any class of dis-
plays (such as contact analog -s, the depth-azimuth format) would depend on the
mission requirements of the vehicle.

SOURCE: Ref 49

(Figure reprinted courtesy of AIAA)
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SFigure 66. Computer.Generated Contact Analog Display with Predictive
SFlight Path
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•-.ig• DESCRIPTION:

-• Figure 66 was generated as part of a research effort directed toward (i)
Sisolation o,.- minimum sets of visual image cues sufficient for spatial and

geographic orientation in the various ground-referenced phases of representative
flight mission, and generation and spatially integrated presentation of computed
guidance commands and past-time flight path predictors. The computer-generated VSD
landing scene, shown above, would be quite skeletal to accommodate the superposl-
tioning of dynamic forward-looking infrared or lowllght TV imagery without serious
rivalry. Both command guidance and a frequency separated projection of the pre-
dicted flight path, as shown by the successively smaller airplane symbols •ou!d be
superposed in true perspective upon the computer-generate• scene. Such a predlctor
display shows the pilot the future consequences of his J mmedlate control inputs.
Predictor symbols represent the position of the aircraft at three particular future
points in time (7, 14, and 21 seconds as shown) given a specified control input by
the pilot.

As shown, the airplane is low and to the left of a normal straight in approach
and banked to the right, but the pilot has made the proper control input to pull up

-- ' and roll left to bring the airplane to the desired touchdown point.

The prominent vertical rate fields to the left and right may be used to pre-
sent speed and vertical flight path guidance. By hulling the rate-fleld motion,
the pilot nulls the errors relative to the computed desired values of the moment.
In mission phases other than the landing approach depicted, the rate fields might
present command guidance for speed and altitude.

• SOURCE: Ref .50



- ZERO RE F

7 8 for pitch

51 3j 4 I6 SCALE
for 1hecslope

Figure 67. The Perspectlvo Display
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Figure 68. Different Views of tho Perspective Display as Seen from
the Indicated Positions on the Localizer Beam

DESCRIPTION:

A perspective glideslope indicating system has been evaluated as an alterna-

tive to conventional aircraft displays for landing or contact analog displays.

The perspective glide slope display above is composed only of straight lines.

It is a "skeleton-type" display and it is the view the pilot would get through the

windshield of an aircraft if there were indeed a glideslope "roadway in the sky."
The picture is symmetrical when flying only in one plane and has, at the far end,

two parallel runway lines. Theoretical intersection of these two lines (1, 2) is
the horizon. Two vertical poles (3, 4) are set at 20,000 ft. from the runway,

threshold and are an aid in indicating the beginning of transition in the flight.

- The two nearest poles (5, 6) are set at the beginning of the glidepath. Glideslope
itself is given by lines (7, 8) which irtersect the ground plane at the runway
threshold. For the first part of the flight (level flight) the pilot must keep the

top of nearby vertical poles on the reference to get to the glideslope. Lines (7,
8) at first indicate that the aircraft is too low with respect to the glideslope.

They will become more and more parallel, indicating the aircraft is approaching to

S the glideslope. Once they are parallel the pilot must keep them that way, and he
learns immediately where to put the runway on the screen to stay on glideslope. As

the time lines (3, 4) come by, the pilot starts transition to landing, still trying

to stay on glideslope. ,,oser to the ground the runway lines (1, 2) will spread
open and at touchdown they both become horizontal.
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The value of the perspective glideslope display has be*n. shown 1) in the
ease of performing coordinuted maneuvers, allowing larga but quila precise changes
of tle flight variable!, 2) in the coriaJstency of touchdown, 3) in accuracy of
tracking the glideslope with dead beat response, 4) in the learning curve, and 5)
in the effectiveness of the represent aton of the integrated real world outside
picture.

SOURCE: Ref 51
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FRgure 69. Channel Display

-- DESCRIPTION:

Figure 69 is a proposed format to provide velocity and path-guidance informa-
tior. using a pictorially quantitative and true perspective channel display. In
this true perspective, contact-analog, inside-out display (Figure 69), path
guidance is shown as a curved channel incorporating space-fixed structural ele-
ments. Attitude angle is similar to that for visual contact. The pilot is
required to guide the aircraft down the middle of the channel, with the velocity
vector aligned in its center. A "flow" of cross hair images from the velocity
vector indicate reduced or increased velocity. If actual speed matches commanded
the velocity signals appear stable. Otherwise they withdraw inward (velocity too
fast) or emanate outward (velocity too slow).

SOURCE: Ref 19
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Figure 70. Proposed Flight Path Display
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DESCRIPTION:

Figure 71" shows flight path displays result•ng from conclusions drawn from a
study of prev.ous flight path display studies. The proposed flight path disfiay in
Figure 70 (a) may appear either on a head-up or head-down display. It consists
primarily of a three-dimensional perspective channe., and an aircraft symbol. The
aircraft symbol is a stationary symbol, and the channel moves about it with changes
in lateral and vertical direction.

The pilot's task requires him to guide the aircraft symbol through th* cnter
of the channel in order to accurately stay on course. When the pilot is flying the
command path, the channel floor and wings of the aircraft symbol will appear
parallel and horizontal. The tail of the airctaft symbol will indicate lateral
accuracy when aligned with the channel's centerline and vertical (altitude)
accuracy will be indicated when the wings are aligned horizontally with altitude
reference lines on either side of the channel's entrance.

Inner and outer channel walls contain vertical line segments perpendicular to
horizontal lines on upper (inside) view of the floor. Floor lines are perpendi-
cular to the centerline. These line segments serve as (1) a speed command indi-
cator (via a strobing effect) and (2) an aid to pilot visual orientation with
respect to aircraft sy.:bol and channel. The aircraft symbol Is augmented by a

dashed line path predictor. Each of the four consecuti)re dashes represents a time
period of 10 seconds, indicating future aircraft position 10, 20, 30 and 40 seconds
later if aircraft were to maintain present flight conditions.

The channel extends into the distance so that upcoming curves in the path may
be anticipated. The channel is designed to be viewed from all angles. This
implies that even though the channel might appear in the form of a tiny configura-
tion in a far corner of the display, indicating extreme lateral and vertical devia--
tion from the path, or as a backward view of the entrance to the channel indicating
that the pilot is directea 1800 away from the command heading, some perspective of
the channel would still be in view of the pilot and never completely disappear from
the display surface. Thus, the inability to intercept the path due to a loss of
display would never be a problem.

If the display were to appear on a head-down CRT (as opposed to a HUD), the
channel's inner and outer portions may be shade- or color-coded in some way that
makes differentiating them easy for the observer. Questions arising with respect
to direction of orientation, then, could be answered more quickly, especially when

deviations from command path are great, and channel is obscure.

Information addition to channel and aircraft symbol may be displayed (Figure
70 (b) by pilot selection. This information may include moving heading, altitude
and airspeed scales all of which cai. provide command indicators, current readouts,
plus rate and direction of change. Also angle-of-attack and slip inaicators may be
made available on the display to enhance accuracy of flight path control.



The option of including a textured surface, with sky, horizon line and ground
could be available. As the channel turns, or banks, the horizon line (and accom-
panying ground/sky texture) would bank also, in conjunction with the path.
Radar-detected obstructions or threats may be indicated on the display per pilot's
c command. Finally, a runway outline would appear on the display at the end OF the
channel during approanh and landing modes. Outline of runway would become propor-
tionately larger as pilot approached touchdown, and outer edges would stream by his
view once he reached the runway, approximating view seen by a pilot landing VFR.

The pilot may change the scale of several dimenslons of the format anytime
throughout his flight. He may adjust: (1) channel height-to-width ratio (aircraft
symbol remains fixed in size, regardless of channel or actual aircraft propor-
tions); (2) field of view; and (3) length and breadth of channel in terms of their
representative dimensions. These dimensions would appear or. display at all times,

= and their values could be changed whenever Lhe pilot deemed it necessary.

SOURCE: Ref. 19.
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Figure 71. Tunnel Display

DESCRIPTION:

Figure 71 shows a flight path tunnel display. It i3 assumed that the basic

operat..on of this display is similar to the channel display in Figure 70, the main

differe:nce in this display is that the flight path is completely enclosed formtng a

tunnel appearance. (No additional information available.)

SOURCE: Ref. 12
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I S DESCRIPTION:

k! In this investigation of advanced display concepts, control information was

£ presented to the pilof in a forrat skmilav. to the "through-the-windshield" visual

f fis:d. A sir-plified computer-generated perspective image of th'e visual field war
presented to the pilot as if it were a "tunnel in the sky ," in which the three-

A . dimensional (3--D) approach path is to be followed. In contrast with conventiona'
instrument displays, the control information was integrated into one format
.natural to the pilot. This characteristic makes the diaplay very suitable for

following, with great accuracy, approaches which are compxicated, strongly cubved,
Z and steep. This type of approach might become a nL'ýessity In heavily congested

fixed-wing and helicopter traffic areas.

A conceptual tunnel display is shown in Figure 72. The trajectory to be
followed is presented as a perspective image of a tunnel with a square cross sec-
tion. The perspective appearance of the tunnel changes with the vehicle position.
Positional cues are derived from this perspective appearance, while rate cues are
derived from 'he rate of change in the appearance.
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The tunnel cross section is constant and square with a scale width of 4' , m
(150 ft), which corresponds to the width of a typical runway. An experimental
configuration was chosen in which the tunnel sqnares (1) are drawn a scale dis-
tance of 91.4 m (300 ft) apart. In order to augment the impression of forward
velocity, the cornerlines (2) are dashed. Only the five squares nearest to the
vehicle are drawn. Thus, the number of llnes drawn is substantially reduced, •'hich
prevents cluttering of the display. The tunnel is shown in the viewing range from
0 to 762 m (2500 ft). The maximum horizontal and vertical field of view is from
+450 to -450. Pitch scales (3) and pitch pointers (5) are located at the left and
right sides of the image, and a roll scale (4) id located at the top. Pitch motion
is also visualized by an equivalent rotation of the optical axis. For small
angles, this is equivalent rotation of the optical axis. For small angles, this is
equivalent to a vertical displacement of 0.22 cm per degree pitch angle of the
tunnel image. The pitch pointer and the tunnel image are displaced, while the
pitch scales remain vertically fixed.

Digital readouts of magnetic heading (MAG) (10) and airspeed (TAS) (11) are
displayed in boxes on the vertical centerline at the top and bottom of the image,
respectively. These boxes also provide a reference for estimating the center of
the image. Note that a large area in the center of the display is kept clear of
symbology to prevent cluttering the tunnel image.

The tunnel image, pitch scales, horizon, and roll scales are
and the bank angle is visualized by rotating the wing bars (7) and the roll
pointer (9), in fixed-wing aircraft. This image does not conform to the through-
the-windshield visual field and can only be used in head-down type displays.

The cross represents the vehicle at a specified distance ahead. The cross is
locked in the center of the image and rolls with the vehicle.

Conclusions from simulation evaluations included:

I. The perspective tunnel image provides adequate positional and directional
information and yields markedly better accuracy in trajectory following and
trajectory entry than the conventional EADI/map display.

2. The basic tunnel display yields poor damping, due to the lack of rate
infor-zation (c-auoed by the narrow visual field).

3. A vehicle axis cross, superimposed on the tunnel image does not contribute
to better tracking. The error between vehicle axis cross and director square
does not provide the covrect control cues in trajectory following in a fixed-
base simulator.

4. The roll %tnd roll-stabilized versions of the tunnel display perform
equa ylY well in trajectory following and entrieg. This leaves the option
open, for applying the roll version to head-up displays, in which the image
has to be conformal with the visual world.

SOURCE: Ref 52
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2.3 SENSOR GENERATED FORMATS

Sensor generated formats pertain to vertical situation displays that area direct projectior. of a TV, FLIR, or RADAR sensor image. Various symbology

is usually over laid on these sensor displays representing reference informa-
tion pertinent to flight performance.

Roscoe (Reference 2) considered that, based on what little evidence was
available, an unaided, literal TV or infrared vertical raster-scan display
was inadequate as the primary instrument for landing. The consideration can
probably be made for l1w level flight using such displays. The addition of
guidance information to these displays for navigation and flight c3ntrol
appears to provide the necessary support for the pilot's spatial and geo-
graphic orientation as well as being an independent monitor of the reasonable-
ness of the flight situation.

Typically such displays are presented head-down. Technology is now
N being developed to present this same information on a HUD.

•:• .Heading

Comnmand. symfbolSR o l l e e r o n c e( f l i g h t d i r o c t w • )
Roil tolerance
• Altitud e

Heainreadouu

44700

S12

Airspeedraf

Zeain reaferenceol

Figre 5. ommnd.itutio Dipla inTerainFolowi4g00 d
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DESCRIPTION:

The head-down display in Figure 73 was designed as an example integrated
flight display for fighter aircraft. It is shown here Ln the terrain-following
mode. Terrain profiles are shown at specified ranges, each succeedLng profile in a
darker shade of gray. Key flight information is arranged near the center of the
display to give the pilot quick reference to it without wandering too far from the
critical central display area.

SOURCE: Ref 16
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Heading reodoa --i

Airspeed readout "Altitude readout

Figu(e 74. Head Up Display in Automatic Terrm.l Following Mode

DESCRIPTION:

Figure 74 was designed as an example automatic terrain-following mode for a
head-up display on a fighter aircraft. In an automatic terrain following mode only
necessary information is presented head-up. In Figure 74 the most important data

are the terrain "slice" profiles, the aircraft symbol and the flight path command

symbol. The other presented data, roll index, airspeed, heading and altitude

readouts and the horizon reference are secondary to this format.

SOURCE: Ref 16
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Figure 75. Electronic Attitude Director Indicator with Terrain
Clearance Presentation

DESCRIPTION:

The display in Figure 75 is a detailed contact analog. Elements selected for
display could be based on sensor data such as radar returns or FLIR data, or could
be computer-generated scenes from geographical data stored in computer memorV.
Flight information could be added as shown as required.

This type format could be presented head-down or perhaps even head-up for use
in all-weather or night attack. Use of color would also enhance this display. (No
other information available.)

SOURCE: Ref 21



3. HORIZONTAL SITUATION DISPLAYS

The horizontal situation display (HSD) is a projection of the aircraft's
situation on the horizontal plane beneath the aircraft (Reference 44). In this
fo-nmat the aircraft's flight path is displayed as it would be seen from above
looking down on a horizontal plane such as the ground. The frames of reference foc
this display are Cartesian coordinates as in road maps and azimuth and range
coordinates as in polar coordinates.

HSDs differ from VSDs not only in point of view but also in the speed of
display symbology movement. The geographic area covered by the HSD is usually so
broad and the scaling of the display is such that the symbol movement on the
display is very slow. This results in lowered immediacy as a result of misinterpre-
tation or misdirection and makes the HSD less dangerous than the VSD in terms of
time available to correct mistakes (Reference 5).

RSDs presently take two forms, projected and electronic. Projected maps can
be self contained or remote. The self-contained map system consists of the neces-
sary electronics, optics and film strips in a black box. The remote projected map
uses a film strip being scanned by a TV camera, apart from the display unit. This
allows the map video to be displayed on any CRT that has TV video capability.

Electronic maps are generated from stored computer data. The amount of infor-
mation displayed is a function of the available computer case.

Whatever the source, HSD's are a valuable navigational and tactical aid to the
pilot. In addition to typical geographical data, the ability to overlay calli-
graphics such as a compass rose, aircraft symbol, waypoint, targets, threats, Taan
stations an6 course lines have proved to be enhancing. The ability to change map
orientation (e.g., track-up, north-up) as well as decentering the map to give the
pilot more look-ahead capability has proven tc be desirable.

Electronic maps could offer declutter options that selectively eliminate types
of geographical features not required to perform a specific task.

Both types of maps can be utilized to update the Inertial Navigation System
(INS) using prominent landmarks.
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Figure 76. HSD (HSI Mode) Symbology

DESCRIPTION:

The display in Figure 76 was used as a representative EHSD format in a simula-

tion evaluation of an advanced crew station. It shows an electronic horizontal

other information available.)

SOURCE,: Ref .9
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DESCRIPTION:

Figure 77 was developed as part of the ANIP study to provide navigation infor-

mation. This head-down projected map shows course line, aircraft position, destina-
tion, range limit as affected by wind, fuel, etc., and other landmarks of interest.

SOURCE: Ref 53
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Figure 78. Horizontal Sithuilon Display

DESCRIPTION:

The HSD in Figure 78 shown a geographic display of map data with aircraft-

pertinent information superimposed. (No additional information available.)

SOURCE: Ref 41

Figure 78 reprinted courtesy of
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Aircraft Present
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Course Line-,"

Figure 79. Horizontal Disp;ay

DESCRIPTION

Figure 79 was developed as part of the AAAIS (Advanced Army Aircraft Instrumen-
tation System) program. It shows an early proposed moving map display with fuel
range circle and course line. (No further information available.)

SOURCE: Ref 54
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1 FuelRange3
2 Heading Cursor
3 Course Cursor
4 Compass
5 Destination or Target Symbol
6 Command Course Line
7 Map Display
8 Aircraft Symbol (Reticle) 12 a
9 Base Symbol

10 Command Position Symbol
11 Radar Display
12 NAVAID Symbol

1 Friendly Aircraft Symbol 3 4
2 Map Displayo5
3 Compass2
4 Heading Cursor
5 Navald Symbol
6 Command Course Cursor
7 Enemy Aircraft Symbol
8 Command Course Line
9 Acquisition Circle 9

10 Holding Pattern Symbol
11 Fuel Range
12 Radar Display
13 Own Aircraft Symbol
14 Base/DesIiination Symbol 152
15 Command Position Symbol!

Figure 80. Horizontal Displays
DESCRIPTION:

The horizontal situation formats illustrated in Figure 80 were developed under
ANIP to provide a more gross display, suitable for flight and tactical planning,
and long-range navigation. The use of various displayed information symbols is
illustrated.

SOURCh: Ref 40
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Figure 81. Multipurpose-Navigation Display in Projected Map Mode

DESCRIPTION:

Figure 81 presents a projected map display containing aircraft present posi-
tion centered on display, destination, ground track, and compass rose. Range ant:i
bearing are provided as digital readouts. (No additional information available.ý.

SOURCE: Ref 21
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Figure 82. Mpdtipurpose-Navigation Display In Radar Map Mode

DESCRIPTION:

The radar map format In Figure 82 has aircraft present position decentered to
lower section of display. This is ancther mode ot operation of the same display
shown iin Figure 81. (No additional information available.)

SOURCE: Ref 21.
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Figure 83. Projected Map Display

DESCRIPTION:

Figure 83 was proposed as a possible configuration for an integrated
HSI/moving map navigation display. It is a moving map display with present posi-
tion indicated by an aircrafL symbol. A course line and digital readouts for
distance and course are also incorporated. Aircraft heading is always orientedtoward the top of the display (Heading-Up).

SOURCE: Ref 55
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i Figure 84. Pictorial Navigation Display

i DESCRIPTION:

Figures 84, 85 and 86 present a suggested navigation display for commercial
aircraft, with variouc. scale maps. Feacures of the display include a north-
oriented moving tnap with an a~rcraft symbol fixed in position in the center of the
screen. As a heading change is initiated, the aircraft symbol and attached cursor
rotate, heading scale information being depicted at the edge of the screen.

The ground track maps used in the study depicted basic airway, navigation, and
some air traffic control information. Maps covering two different areas (en route
and terminal) were utilized in the test. The en loute mal, covered the total test
are~a of 400 by 400 nm whereas the terminal map covered an area of 120 by 120 inn In
the vicinity of the airport. For the en route map, three scales (40, 20, and 10 nm
per inch) were tested whereas for the terminal map, two scales (10 and 5 nm per
inch) were tested.

According to tests performed, pilots preferred a 5 nm per inch scale for a
terminal map and 10 rim per inch scale for enroute. However, some pilots preferred
a 20 nm per inch scale for enroute to have improved look-ahead capability.

SOURCE: Ref 56
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DESCRIPTION:

Figure 87 illustrates three early HSD formats. The format in (a) was
developed under the Advanced Army Aircraft Instrumentation System (AAAIS). It used
a projected navigational map or radar map as its basis. Both fixed and moving map
modes were available. The system was rotatable for either north-up or track-up
formats. The maps were monochrome but used shades of gray.

In (b) a moving navigational map was used. It was rotatable for north-up or
track up and could be projected in color. This display, the MK I1 HSD, was
developed by ITT Gilfillan.

The moving map display in (c) was developed by Computing Devices of Canada.
The present aircraft position could be offset to the display periphery. Both
north-up and track-up modes were available and the projected map could be in color.
(No additional information available.)

SOURCE: Ref 5
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Figure 88. HSD Display Format

DESCRIPTION:

The HSD format in Figure 88 is an electronic map type proposed for an advanced
fighter aircraft. The geographical and cultural features (if shown) are computer-
generated and then displayed. Symbology is overlaid on that map. Present aircraft
position is pcojected 10, 20 and 30 seconds into the future to show the pilot the

consequences of remainlng on the present heading. Other navigation and target
designation symbology are also presented. (No additional Information available.)

SOURCE: Ref 8
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Figure 89. Moving Map Display

DESCRIPTION:

The electronic moving map display shown in Figure 89 provides combat tactica]
situation information to the pilot. The aircraft symbol is decentered to the
bottom of the display to allow the pilot a view of a greater forward area. Threat
defense areas are depicted for both ground and air threats. Neutral and hostile
areas are bordered. Mountains and their heights are also displayed. (No adoi-
tional information avsilable.)

SOURCE: Ref 8
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Figure 90. EHSI

DESCRIPTION:

Figure 90 illustrates a present day electronic horizontal situation indicator
(EHSI) in an operational advanced aircraft. Mode selections are presented ad4jacent
to selection pushbuttons around the periphery of the display. Pertinent navigation
data is given in each corner of the display.

SOURCE: Ref 23
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• -- DESCRIPTION:

S~Figure 91 shows a horizontal situation display which uses a projected, color,
S_ moving map with overlaid navigation symbology. The aircraft symbol is centered on

•_ "the map. Mode selectioans are arranged around the display adjacent to selection

pushbuttons.

SOURCE: Ref 23

S. .. . . . . 133



YRI

Yg+I

jI

Figure 92. Battle Situation Format

I DESCRIPTION:

Figure 92 presents tactical situation data in plan view. Own aircraft is
centered, range rings indicate relative distance and bearing from own aircraft.
Friendly aircraft and threat aircraft are indicated by the cross symbols and
attendant alphanumerics. Radar zone of own aircraft is also presented to show the

relationship between your radar coverage and targets in azimuth. (No additional

information available.)

SOURCE: Ref 8
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FIgure 93. Basic Map Display

DESCRIPTION:

The electronic map display in Figure 93 contains computer generated symbology.
Typical navigation data is displayed as well as eircraft trend vectors. (No addi-
tional information available.)

SOURCE: Ref 11
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Figure 94. HSD Symbology for Cruise, North Up

DESCRIPTION:

The displays in Figure 94 show an electronic HSD with tactical situation infor-
mation. Important flight and navigation data is arranged along the top and bottom
of the display. Color symbology could be used to provide easier recognition of
different symbols. (No additional information available.)

SOURCE: Ref 14
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HA-E COMPASS ROECOU.RS

POINTERSARO

CO~MAN HEDIN TOFRO IN INDICATR

Figure 95. HSCD -A~splay for Landing

AIRCRAFT HEADING RUNWAY SYMBOL

FUEL---F2200

AIRCRAFT
SYMBOL- LOCALI ZER

6-- SCALE

RA~NGE SCALE

Figure 96. Glidleslope anid Locatizer information for Landling



VK DESCRIPTION:

The displays in Figures 95 and 96 show complementary landing mode RSD's. in
Figure 95, an electronic HSI is depicted in traditional form. In Figure 96, the

V • display is divided into separate horizontal and side vertical situation displays.
The information shown on these two displays is similar to the paper approach
plates in standard use. The aircraft's relationship to the localizer and gl.ide-
'slope is the central information on this display. (No additional information

available.)

SOURCE: Ref 14
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Figure 97. WD-249 Coarse Deviation and Rolativý Meadfriq Indicator

DESCRIPTION:

"The ID-249 :hown in Figure 97 is a frea-,ency separated display in which the
aircraft's slowly changing displacement from the selected course is presented
inside-out, while the more rapidly changing heading relative to the selected c-_urs!

is presented outside-in. 1he relatioi between the two graphically presents the

desired course interception angle, (No addit'onal informatici, available.)

SOURCE: Ref 57
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TRACK

SCALE
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ii Figure 98. Symbolic Pictorial Indicator

DESCRIPTION:

rThe display in Figure 98 utilizes frequency separation. Linear displacement
""rom desired course, &s dr-pcted by the vertical needle, and linear distance to

4 waypoint, as deptcted by the horizontal needle, are inside-out presentations.

Heia-ding relative to selecte6 track (or course) is presented In the outside-in

manner. The interseztion of the needles relative to the airplane symbol presents a
ý )lan view of the horizontal flight geometry. (No a'iditional information avail-

Lable.)

• SOURCE: Ref 57

4

S~140



II

r / "

I?ý

FCure 99. Lear LI (Loor tntagrated rUlglit Equipment) Fliglht Dkctor Display

DESCRIPTIOIN:

Figure 39 shows the Lear LIFE (Lear integrated Flight Equipment) flight
director display. It presented aircraft attitude outside-in &nd aircraft heading
inside-out in a manner such that the dispiay's peripheral bar, index could be
aligned with tle desired heading inde-; in a pursuit tracking Lashion. A=zgiar
course deviation is represented in an inside-oit manrer by the ,c•ical needle.
Heading relative to seL.2cted course is represented in a.) oucside-in wanner by the
relative heading pointer. The relation bet-esa the two graphically presents
desired course interception angle. (No additional information available.'

SOURCE: Ref 57
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Figure 100. Integrated Display,
StaldIon Keeping Mode

DESCRIPTION:

The symDolic display shown in Figure 100 is an integrated concept for heli-
copt~erS. It can be envisioned as an area for the translational inf',rmar-'.on in

front of the central area of a large attitude gyro. The position in the horizontal

plane is displayed as the symbolic top view of a helic"'ter in a fixed coordinate

system. The origin of this coordinate system is the " ,/inal point" on the desired

_ iligh• path, and the x-axis (pointing up) represents ate hirizontal projection of

the rargent to the desired flight path. The helicopter symbol in this error

coordinate system also presents the deviation in heading from the x-axis. The

pcnition error alung che vertical axis is displayed by r dootble bar at zhe left of

the horilontal display area,

The tize of the rotor symbol and the distance between the two altitude bars

provide a eense of scaling of the displsy by representing the own rotor diameter to

scale and a fixed altitude difference of 50 feet, resp-ctively. The rates of

motion ef these two symbols are presented explicitly by error rate vectors origin-

ating in the centers of the syabols. These vectors "prediet" the motion of the

helicopter and altitude error symbols. Tne vector tips are emphasized by means of

small circles. Since the motions of the vector tip symbols on the display present

the sun of position and rate, the3e vector tips are equivalent to tulckened posi-
tion displays. The explicit presentation of the error rate provides Instantaneous
rate information and eliminates the reed to derive this Information from the motion
of the symbol. 7.e fact that not only the re3u]tant is shown, but position and
rata are separately identifiable, provides the pilot with true situation displays
and lets him maks ýeciiors abouat how he wishes to make his corrections.
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Information related to the accelerations in all three translational degrees of
freedom is also displayed. The acceleration along the longitudinal axis is closely
celated to the pitch attitude of the helicopter. The horizon symbol and the "sky"
are shown on both sides -f the central display area described so far. The integra-
tion of hAe attitude gyro into the display is extremely significant since this
makes it unnecessary for the pilot to refer to another instrument for the informa-
tion which i.e needs most for his inner loop closures, his confidence, and his
safety. The two pairs of bars which roll together with the horizon are reference
symbols for the pitch attitude and are adjustable by the pilot or could be used as
flight director inputs. The lateral acceleration with respect to a nominal flight
path can be represented by a turn needle symbol which is seen at the bottom of the
central display area. A ball indicator is also added for completeness ind repre-
sents lateral acceleration at and near hover. The second derivative of the verti-
cal displacement is basically the thrust viriation, and as a measure of this a
small symbol showing the d-viation of the collective stick position from a set
reference has been included at the left of the altitude information. An alterna-
tive for th4q symbol is to represent torque rather than collective position.

SOURCE: Ref 58
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ABOVETOUCX OOWN
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Figure 101. Intcgrsted Disp'ay, Proposed
Laaldlng Mode

DESCRIPTION:

The horizontal/vertical integrated display in Figure 101 shows a proposed

landing mode format. A consistent application of the stated principlas to approach

and landing resultt in a break with the conventional b3sic iLS display. In order
to keep the same close coordination between display and control motions under al1

flying conditions, the fundamental arrangement of horizontal plane and vertical
axis should be maintained. The input obtained from zhe localizer signal determines
the lateral error. Longitudinally the helicopter symbol does not leave the refer-
ence axis since there is no need for continucas position loop closure along the
glide path. The longitudinal error rate vector compcnent is determined by thle
deviation from a set airspeed. The deviation frora the glideslope is the input to

the vertical error display.

It is proposed that for landing the basic integrated display 'Figure 100)
should be augmented in two ways. In the vertical error display strin a groend
proximity line (in red) should be moving up from the bottom for the last 203 feet
of altitude above the touchdown point, as an "absolute" altitude indicator. The
ether added symbolism, shown in the top half of the central display area is inter-
preted as follows, imagine the view of the touchdown line during approach as seen
from a point fixed to, but above, the helicopter. During descent, this line is
seen to come closer to the nominal point, and at the same time it grows compared
with the top view of the helicopter itself. Its endpoints would describe two loci
on the display as certain nonlinear curves if the helicopter would fly exactly on
the glideslope. If these loci are shown on the display they can be used aG refer-
ence lanes for displaying tha glideslope error. If the helicopter is below the
glideslope the view of the touchdown line extends beyond the reference lines; if
the helicopter is above the glideslope the end points of the touchdown line do not
reach the reference lines. On the proposed relatively simpJe version of the
landing display the reference lines are straight instead of curved without any loss
of actual information. This augmentation of the display combines an indication of

the distance to touchdown with a display of vertical error.
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In order to avoid the need for scanning other instruments, provision has ý.i

made to add two absolute sc.les to the display. Each division on the absolute rate
of climb scale represents 500 feet/minute, each division on the absolute airspeed
scale represents 25 mph.

SOURCe. : Ref 58
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4. MISCELLANEOUS DISPLAYS

The displays highlighted in this section are generally status informaLion

displays. They are concerned with pictorially depicting the current or predicted

status of some aircraft systems. Thus we have collected engine, energy management,

thrust, fuel, aircraft surface and other status displays.

Flight Envelope ENERGY MGT - LRI

Constant Eneigy for Ta-e
• Present i~tdMach and .---- 70 - Target

Altitude 
P =

Minimum Fuel
_ 50 -Climb

0 30 C
U-J

.J - Minimum
•" < Time Climb

0 05 10 15 20

MACH Altitude MN,,h
__Direction Indcator

Figure 102. Long Range Intercept Display

DESCRIPTION:

Energy management displays provide advisory data to enhance combat position in

relation to the enemy. Data requirements fall into two general categories: Long

Range Intecept (LRI), and Air Combat Maneuver (ACM).

LRI requires a display aimed at attaining a specific launch position in the

most timely or efficient manner. Figure 102 shows an example of such a display

format. The immediate target is shown in relation to our aircraft flight envelope.

The pilot no longer has to guess if his aircraft has the performance capability to

intercept a given target. He is also provided with graphic solutions to how best

to intercept the target, utilizing minimum fuel or time to climb profiles as

required.
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Maximum Corner
Coefficient ENERGY MGT ACM Velocity

of Lift

Maximum•" " Vertical

Acceleration
(N

Sustained
Turn Rate

Line pcfLie •'-"- Ma Power (Ps)

•- • " "VELOCITY

Figure 103. Air Combat Maneuver Display

ACM engagements require a display that assists in attaining and maintaining

high energy levels. Figure 103 shows an example of such a display. The fighter
pilot is provided with key performance parameters such as corner velocity, sus-
tained turn rate limits, and specifir. power (P.) which ire particularly important
in ACM.

R Both displays respond dynamically to changes in aircraft situation and status.

SOURCE: Ref 7
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FiOure 104. Integrated Engine Instrument System (IEIS)
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Figure 104. (Continued) Integrated Engine Instrument System (IEIS)
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DESCRIPTION:

The example displays shown in Figure 104 illustrate the different formats
available on a multifunction display. In this case the tormats are the set for an
integrated engine instrument system.

Figure 104 (a) is a format that initially appears to verify that the system
has passed a self-checking function. If any part of the system had failed the self
test, a failure message would be presented. The status bar on top is a key ingre-

dient in the display philosophy. This status bar divides the engine into four

subsystems. Twenty-five display parameters are contained in these four gcoups
which are main engine, fuel control., lubrication, and mechanical. The parameters

are within their normal range whenever the status bar is continuous, i.e., no
broken horizontal line.

Figure 104 (b) represents a start sequence where RPM is presented in numerical
and vertical bargraph form where the lower portion of the bargraph is expanded.

Figure 104 (c) represents a minimum fuel climb with the aircraft's position
represented by a c~rcle. The time in minutes and seconds and the fuel in pounds
reflect the time and fuel estimated to make the climb.

Figure 104 (d) shows the parameters in the main engine group. These are

normalized in that the actual value is compared to the value stored in the computer
model for those flight conditions. All of the tick marks would line up making a
dashed vertical line located in the center of the horizontal bargraphG, if every
parameter shown was exactly in agreement with the value determined by the model..
The vertical indices on the horizontal bargraph denote areas of normal and abnormal
performance. The Lritical ranges are those to the left or right of the horizontal
bargraphs.

Figure 104 (e) represents a situation whete a marginal condition has occurred
in the engine lubrication subsystem, highlighted by the broken status bar. The
affected and related parameters are automatically displayed. The computer has
diagnosed the situation as a lubrication loss and indicates that fact along with

instructions to secure engine I.. Oil flow, oil pressure and oil level are In the
marginal region.

Figure 104 (f) shows a critical condition for cil flow and oil pressure. When

the condition degrades fronL a marginal to a critical condition, data is displayed
in digital form along with lower acceptable limits. A flashing "Secure Engine 1"

warning message appears and a timer is initiated showing the time elapsed for this

critical condition.

Figure 104 (g) shows a range cruise pfofile with the aircraft's position
indicated by a circle. Energy management information relating to optimum perform-
ance and present conditions is given for range and time.

Figure 104 (h) shows the ordnance information. The ARM nomenclature for the
status of station 1 is blinking in this format.

SOURCE: Ref 59
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DESCRIPTION:

Figure 105 presents a sample armamcet status display. Weapons are shown
pictorially relative to their store station. This format would automatically
appear when A/A mode Is selected. Note that some selections can be made on the

-- display.

SOURCE: Ref 23
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TIMETO LIMIT

Figure 108. Thermal Monitor Display System

DESCR:PTION:

Figure 106 shows an early version of a mechanical pictorial display. This

display consisted o7 an aircraft planform outline with four aper•.ures, (nose,

fuselage, and wing tips) which were utilized to display temperature conditions by

the use of colored flags (green-cold, yellow-warm, red-hot). The two-drum digital

counter located below the aircraft outline provided the time-to-thermal limit

display. Heating or cooling condition is displayed in a window below the digital

readout by the appearance of the appropriate word, " hot" or "cold."

This arrangement allows an ample time display for reentry or a supersonic dash

at low altitude to or from targets with a minimum of clutter on the display.

SOURCE: Ref 15
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- Landing Gear
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Center of ,W
Gravity Indicator

Hgure 107. Aircraft Configuration aid System Monitor Display

DESCRIPTION:

The display in Figure 107 was designed to furnish information about many of
the aircraft systems; however, it is concerned predon-itnately with the vehlcle's
external configuration. The information is arranged to represelt a plan view of
the aircraft which, in the case of the wing, flap, and thrust displays, results in
dual pointers. This redundancy was justified or, the grounds that the image of the
whole vehicle outline would allow for quicker peripheral evaluation of the configur-
ation.

In the stylized vehicle presented in the digplay, the fuselage zonsists of
four elements. The nose and aft sections illustrate the posi.tion of the landing
gear. They are mechanical devices which present three different colored flags in
the windows, a light yellow flag with a white "UP" inscribed to signify gear up, a
light green flag with a white "DN" inscribed to indicate gear down and locked, and
an amber flag (with barber poles) to indicate gear in transition or in an unsafe
condition. The fourth element in the fuselage portion is a center -of gravity
"indicator.

The Center-of-Gravity (C.G.) display is envisioned as an electromechanical
device resembling a bubble mechanism on a carpenter's level. When the black spot
is out of the center circle, it is an indication that, due to an asymmetric storage
of fuel or weapons, the center of gravity has shifted beyond the capability of the
reaction control system rertical flight. This information is required before
attempting a transition and vertical landing at the end of a mission.
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The wings of the display vehicle move up or down within approximately 600 arcs
and serve as analog representatives of the real aircraft wing positioa. Super-
imposed on these is another set of pointers which represent flap position, while
another set of black pointers is located over the empennage of the vehicle symbol
to represent thrust deflector position. When these litter aymbols overlap one
another and are pointing aft, the thrust is deflected aft. When they sweep out on
either side of the vehicle, they indicate by their relative positions the amounz of -

thrust that is being deflected downward. As the transition is begun and the thrust
is deflected downward for lift, compressor bleed air is also being diverted tc the
reaction control jets located at the extremities of the wing and fuselage. A small
indicator below the tail shows when the reaction control system has been pres-
surized.

SOURCE: Ref 60

A
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Figure 108. Landing Gear Control

DESCRIPTION:

The two landing gear positions, retracted "UP" or extended "DOWN," are
achieved in Figure 108 by activating a sliding switch in the direction of the gear

*• position desired. When the 3lide switch is in the full down poeition the extended
landing gear is depitited on the central aircraft symbol as well as tme word "DOWN"
appearing below the aircraft symbol. !When the slide switch is in the ful. up
position the aircraft symbol i presented without the landing gear with the word
"UP" appearing above the aircraft symbol. (Nn additional information available.)

SOURCE: Ref 61
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I_- . THUT-CO THRUST VECTOR

_ _8 8
Figure 109. Thrust Vector Indicator

DESCRTPTION:

The Thrust Vector Indicator in Figure 109 providzs -ontinuous monitorinp of
the aircraft's thrust vector conflguration. The thruvL veecr ia graphically and
numerically displayed in increments of 100 with convenzional flight c4nfr.gurattor
("CONYV"), hover ("HOVER") and reverse ("REV") specifically identified 4n word form
in the display window immediately below the graphic, along with a numerical readout
in number of degrees correspont'.ig to the graphic thrust vector pregentation. (No
additional information available.)

_SQIiCE: Ref 61
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Figure 110. Aircraft Fu6I Quantity IndicatoT

DESCRIPTION:

The display in Figure 110 ohnws in electrolumine-seent pictorial eepreE~entation
of an aircraft's fuel tanks and the-ir status. Tnanks are keyed as tzp location in the
aircraft, shape Pnd n~merically by category. Tha fuel level is oraphically repre-

sented in each tank, by sIIadi-ig :Dr cross hatching. (No additional information
a-.•ilable.)

SOURCE: Ref 62 1
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Figure I111. Surface Poaltion Indicator

DESCRYPTlON:

The elect rolumine scent display in Figure 1ll provides infovmation pictorially
ae to thie status of various aircraft surfaces and systems. (No additional informa-
tion available.)

SOURCE: Ref 62
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Figure 112. Aircraft Configuration Status

DESCRIPTION

This electroluminescent display (Figure 112) depicts the position of various

aircraft surfaces. A p4ctorial representation of ýThe surfaces, referenced to the

aircraft, are provided. (No edditional Information available,)

SOURCE: Ref 62



5. CONCLUSIONS

This review was nothing if it was not interesting. The last 30 years of
display history is rich with examples of conceptual display formats.

The following conclusions were noted.

i. The majority and widest variety of formats are for head-down VSD displays.

2. There were few "wild" concepts. Most were variations of basic formats.

3. The ANIP program was the pioneer in tackling electroniL displays. It was
undoubtedly ahead of it'F time especially in the area of the contact

analog display. It is unfortunate that the technology was not available
to exploit those concepts.

4. HUD formats have dealt only with skeletal analog symbology to the exclu-
sion of detailed contact analog formats mainly because of the problem of
registering the real scene with the generated one.

5. True pictorial formats found in the literature were quite few. It is
unclear as to whether they were just missed (doubtful), if such concepts
were not fully explored in the past because technology was not available
to support then, or perhaps that they appeared too silly for print.

6. This review is by no means exhaustive. Many more sources are referenced
in the literature (although finding them is another problem) than were
found.

We believe that a review in greater depth would not produce substantially more
or different results.
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